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ABSTRACT 
The topaz gene from the sheep blowfly, Lucilia cuprioa was 
isolated and characterized by restriction enzyme and Southern blotting 
analysis as well as by DNA sequencing. In addition to the wild-type gene, 
two spontaneous topaz mutant alleles have been isolated and studied. 
The wild-type topaz gene was isolated by exploiting the fact that 
scarlet, the homologous gene from Drosophila melaoogaster has been recently 
cloned (Tearle, 1986). An initial experiment showed that scarlet sequences 
cou l ct probably be u sect to identify the topaz gene. DNA from a ;\ -Cl one 
carrying the scar 1 et gene region was used to probe a Southern blot of 
L.cuprioa genomic DNA. A clear hybridization signal was obtained, 
indicating there is sequence homology between the scarlet gene region and 
sequences in L.cuprina, probably corresponding to the topaz gene. 
- A L.cuprina genomic DNA library in the ;\-derived vector EMBL3A was 
prepared and screened with a fragment carrying sequences from the scarlet 
gene region. Seven recombinant phages were isolated; their restriction maps 
were determined and regions of homology to the scarlet gene region 
established. The restriction maps of six of the putative topaz clones fully 
overlap, while the seventh overlaps only partially. In addition to carrying 
sequences homologous to scarlet, the phages contain repeated sequences 
which are dispersed in the L. cuprina genome and interspersed with unique 
sequences in the clone. DNA fragments from the ;\-clones were subcloned into 
a plasmid vector. The largest subclone containing only unique sequences 
homologous to scarlet was 2.7 kb. This subclone was used in Southern 
bl otting experiments to determine the genomic organization of the putative 
topaz gene, and revealed that there is restriction fragment polymorphism 
around the topaz gene region in the wild type L.cuprina population. 
The regions of topaz sharing homology with scarlet have been 
sequenced and compared with the scarlet nucleotide sequence. This 
comparison enabled the prediction of the topaz (and scarlet) gene 
structure. Regi ans of open reading frame that showed a high degree of 
homo 1 ogy at the l eve 1 of the deduced amino acid sequence, and which were 
flanked by exon/intron consensus junction sequences (Mount, 1982) were 
predicted to be exons. The intervening sequences, which usually contained 
termination codons in all three reading frames and showed no homology at 
the nucleotide or predicted amino acid level were assumed to be intrans. 
This putative gene structure reveals that topaz has seven exons (although 
the position of exon l has been determined by hybridization only and has 
yet to be confirmed by DNA sequencing). The exons characterized so far in 
the two genes (topaz and scarlet) are identical in size and are over 80% 
homologous in their predicted amino acid sequence. The intrans vary 
considerably between the two genes; they share no obvious sequence homology 
and the intrans in topaz are generally significantly longer than those in 
scarlet. In addition, at least four different repeated sequences are 
located in the topaz intrans. One of these (located in intron 5) consists 
of tandemly repeating copies of the simple sequence TCT ~ ; the other 
repeats, ( 1 ocated in i ntrons 1, 5 and 6) consist of repeating copies of a 
more complex nucleotide sequence. The two genes are also different in their 
GC composition; topaz has a lower G+C content than scarlet (in both exons 
and intrans) and a different codon usage, exhibiting a strong preference 
for codons ending with A or T compared with scarlet which has a strong 
preference for codons ending with G or C. Hydropathy plots derived from the 
deduced amino acid sequence of topaz indicate that the topaz protein has 
several strongly hydrophobic domains (including one typical membrane 
spanning region near the C-terminus) and also hydrophilic regions, one of 
which shows homology to the putative ATP binding site of a number of 
bacterial transport proteins (Ames, 1986 ) . 
Genomic DNA 1 i brari es were prepared from the two mutants, topaz 1 
and topaz2, and screened with a subclone from the topaz+ gene that contains 
unique sequences only. Four topaz 1 and one topaz2 c l ones were recovered, 
and restriction enzyme mapping has shown that whereas the topaz 1 c 1 ones 
were a 11 over 1 appi ng and cover the comp 1 ete gene, the topaz2 c 1 one is 
missing sequences from the 3 ' end (exons 6 and 7) . Three additional topaz2 
genomic 1 i brari es were constructed and screened with a unique sequence 
probe containing exon 7, however no positively hybridizing phage were 
recovered, indicating that the region contains sequences which c l one 
poorly. Further clones carrying the 5 ' -end of the topaz2 gene were obtained 
from these libraries but have not been characterized. 
The clones of the mutant genes were studied by hybridization and 
partial nucleotide sequence analysis. When compared with the topaz+ gene, a 
number of features are apparent: ( 1) There are single base substitutions 
and ·small deletions and insertions present between the wild-type and the 
mutant alleles, many of which occur in intron regions and are probably a 
reflection of natural sequence polymorphism at the locus. Three of these 
single base substitutions resulted in the creation of restriction sites in 
topaz 1 that are not present in topaz+. (11 ) There are two DNA insertions in 
the first intron of topaz 1 relative to topaz+. These insertions are l ocated 
22 bp apart and are composed of sequences which are repeated elsewhere in 
the L.cuprina genome. Additional genomic clones, containing regions 
homologous to these repeated sequences were isolated and partially 
characterized revealing that at least one of the insertions is in fact a 
composite e 1 ement, i . e. it is composed of a number of repeated sequence 
uni ts that are repeated to different extents and probably in different 
combinations elsewhere in the genome. Topaz2 also has an insertion in 
intron l which is partially homologous to the composite repeat found in 
topaz 1, however sma 11 er in size. ( 111) In the exon regions, topaz 1 has an 
18 bp deletion which removes 6 amino acids without affecting the reading 
frame and one single base substitution that results in a conservative amino 
acid substitution. The 6 amino acid deletion seems to be the most likely 
explanation for the mutant phenotype. In topaz2, where less sequence data 
has been obtained, one non-conservative amino acid substitution was 
observed. 
These results have provided insights into the general organization 
of sequences in the L.cuprina genome and of the complex structure of some 
of its dispersed repeats. They have al so shown that restriction fragment 
polymorphism is common in natural populations of L.cuprina and this is 
brought about both by variation in restriction sites (d ue to single base 
changes) and also to distance between sites (due, in large part, to changes 
in the position or length of repeated sequence elements). The putative 
amino acid sequence of the topaz protein has provided · further insight 
about its function and supports bi ochemi cal observations which predicted 
that the topaz protein is membrane associated and involved in transport of 
pigments and pigment precursors (Summers et al., 1982). The analysis of the 
topaz mutants revealed the possible nature of the mutations; significantly, 
neither seems to have been caused by the insertion of a "D .me lanogaster 
like 11 transposable element. 
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CHAPTER 1 
INTRODUCTION 
The work described in this thesis is the first detailed molecular 
analysis of DNA sequences from the sheep blowfly, Lucilia cuprina. The 
genomic region studied contains the coding region for the eye colour gene, 
topaz, and the questions addressed concern the gene structure and function, 
and sources of spontaneous mutations in topaz region compared with the 
equivalent gene region in Drosophila melanogaster, scarlet as well as the 
general sequence organization of the genome in the blowfly. In the longer 
term it is hoped that the availability of a cloned and well-characterized 
eye colour gene, which could act as an ideal phenotypic marker will form 
the basis for development of a gene transformation system in L.cuprina, as 
part of an assessment of the potential impact of recombinant DNA technology 
in blowfly control. 
In this chapter the biology, genetics and eye pigmentation system 
of L.cuprina will be introduced, followed by a presentation of the general 
features of DNA sequence organization observed in the eukaryotic genome. 
1. 1 The biology of the sheep blowfly 
The sheep blowfly, L.cuprina (Order Diptera, family Calliphoridae) 
is thought to have been introduced into Australia from South Africa or 
InJia in the 19th century. Originally the fly was a carrion feeder, however 
competition from native blowfly species for breeding space on carrion 
coupled with the introduction and farming of a large sheep population in 
Australia probably combined to promote its myiasis-causing behaviour 
(Foster and Whitten, 1974). 
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The life cycle of L.cuprina is shown in Figure l. 1. Female adults 
oviposite on areas of the sheep's body where there is superficial bacterial 
infection due to dampening of the skin by rain, sweat or urine. L.cuprina 
eggs hatch over a wide temperature range (10-40°C) as l ong as they do not 
dry out . Young larvae feed on fluid exuding from the skin as a result of 
the superficial bacterial infection which is aggravated by their rasping 
mouthparts. 01 der larvae penetrate through the skin and attack 1 i vi ng 
tissue causing extensive lesion around which secondary myiasis blowflies 
(mainly species of Calliphora and Chrysomya) lay eggs. The wound may be 
spread by repeated layings, which not only destroys or decreases the 
quality of meat and wool but can also give rise to a toxaemia which results 
in sheep death (Summers, 1979; Skelly, 1986). During the second and the 
early (feeding) phase of the third instar, larvae continue to feed and grow 
in the epidermis and dermis of the sheep. Late third instar larvae 
(wandering phase) drop off their hosts and eventually burrow into the soil 
where they assume a resting phase. Subsequently, a protective pupari um 
forms (pupariation) within which metamorphosis and adult development ensues 
with the eventual emergence of the adult fly. Adults emerge during the 
early morning, they need water and carbohydrate as an energy source for 
sustained flight. In addition adult females require protein to become 
sexually receptive and to successfully mature their eggs. Depending on the 
ambient temperature, females in the field can mature a batch of eggs 
(potentially as many as 300) within 4-8 days. Females can survive several 
weeks in the field and at least five or six generations are possible in a 
season which can begin between August and November (depending on we~ther 
conditions) and end between April and June (Whitten et al., 1975; Skelly 
1986). 
FIGURE 1.1 
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The life cycle of the sheep blowfly, Lu cili a cu pr i na 
(modified from Skelly, 1985). 
egg 
Adult 
1st 2nd 3rd in s tar larvae 
... ·._ .. ···> \v 
(feeding 
pha se ) 
-~IIIi"u-[l) A,A/J, 
·. • ·.·.··.·-··. ,-;.·,:,:-:::-:,·:,•,:,:;.·:··:-: 
·... •.. 3rd . !n s;f a r,;;: ·-
{ '.W}ln qA:i:_!"11 g · :ph.f~e) 
.3r<l ins tar ·· i 
. l ( ree ting ph~se )1 
I 
··:::·: 
·: ... 
~ -k· 
•.. . . :···==·:· -::: .. ; •::: ~:·:·· 
. .:;. 
. . . ... . 
·=· _:. 
•:• 
. ; 
.·-:· :::· 
3 
1.2 Economic significance and control measures of L.cuprina 
L.cuprina has been recognized as a major myiasis blowfly since 
early this century and is now known to cause at least 80% of primary 
strikes (Whitten et al., 1976). By initiating wounds in previously healthy 
sheep thereby a 11 owing strike by other b 1 owfl i es, L. cupri na is considered 
to be a major economic cost to the Austra 1 i an sheep industry. In the year 
. 
1985 an estimated cost of $150 million to the industry was caused by fly 
strike ( Beck et a 1 . , 1985) . 
Attempts to control blowfly strike have followed a number of 
different approaches, none of which are highly successful. Among those are 
the following; reducing fly densities by trapping, reducing the 
susceptibility of sheep and biological control (reviewed by Foster et al., 
1975). 
Chemical insecticides have been the weapon most successfully used. 
Arsenic based solutions and organic chemicals such as DDT and BHC were 
employed up to 1955 when cyclodienes, notably dieldrin and aldrin, replaced 
the other chemicals with spectacular success. In 1957, however, widespread 
resistance to cyclodienes appeared in field populations of sheep blowflies, 
making them largely ineffective. They were replaced by organophosphorus 
insecticides s~ch as diazinon which are still in current use on a 
widespread basis. Resistance to diazinon appeared in 1965 and has 
intensified since that date to the point that in some regions as little as 
one week of protection is reported (Foster et al., 1975). Most recently a 
triazine (vetrazin) has been introduced (Hughes and McKenzie, 1986) 
The great facility with which the sheep blowfly is able to develop 
resistance suggested a new line of approaches toward control should be 
attempted. 
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1.3 Genetic control strategies 
The use of the insect itself in biological contro l (aut oci da l 
contra 1 ) i nvo 1 ves the re 1 ease of insects which are steri 1 e or gen et i cal ly 
modified. When such flies are re 1 eased in numbers much greater than the 
field population, the majority of matings will be with the released flies 
and will therefore be infertile or impose a high genetic load on subsequent 
generations. The sterile insect release method (SIRM) was used with initial 
success to contro 1 the screw-worm fly in southern United States and the 
mosquito in Florida (Bushland, 1971; Whitten and Foster, 1975). 
The CSIRO Division of Entomology in Canberra has been studying the 
feasibility of using compound chromosome or Y;autosome translocation 
strains in the genetic control of L.cuprina. Due to the complicated 
genetics required for the development of compound chromosome strains, 
research has concentrated on the second alternative, the use of Y;autosome 
translocation strains carrying conditional lethal mutations on the 
transl ocated autosomes. These have 1 ow ferti 1 ity when crossed with field 
popu 1 ati ons ( due to the trans 1 ocated chromosomes) and their progeny have 
low viability due to the conditional lethal mutations. The conditional 
lethal mutations chosen for pilot studies result in eye colour 
abnormalities, which affect the fly's vision. White, topaz and yellow are 
all recessive mutations that were originally isolated for routine genetic 
analysis. When released in the field, flies with these mutations cannot be 
retrapped, indicating their lethality under field conditions although there 
is adequate viability and fertility under laboratory conditions (Whitten 
et al., 1976). 
There are two major limitations to this system. The first concerns 
the male sterility which is associated with the translocation 
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rearrangement, as partially sterile males create limitations in mass 
rearing the strain. The second limitation is that only conditional lethals 
which are located on the translocated chromosomes can be used. 
1.4 The genetics of L.cuprina 
Extensive genetic information is available regarding L.cuprina 
thanks to the research effort devoted by the CSIRO Division of Entomology 
to the study of the formal genetics and cytogenetics of the fly. 
L.cuprina has a diploid complement of twelve chromosomes. These 
include five pairs of autosomes (numbered 2-6) and a single XX/XY, sex 
chromosome pair (Whitten et al., 1975). C-banding studies have shown the 
sex chromosomes to be heterochromat i c and the autosomes each to have a 
small procentric C-banding region (Bedo, 1980). Giant polytene chromosomes 
corresponding to the autosomes can be prepared from the pupal bristle-
forming t ri chogen ce 11 s (Foster et a 1 . , 1980) . There are 130 known 
mutations of L.cuprina which have been genetically assigned to linkage 
groups (Maddern et a 1., 1986). Many of these mutations have been 
cytologically mapped to specific banded regions of the polytene chromosomes 
through the analysis of chromosome rearrangements (Foster et al., 1980; 
Foster et al., 1981). 
Analysis of mutations in L.cuprina which have a biochemical or 
morphological phenotype similar to mutations observed in a number of other 
species of Di pt era have shown the genetic 1 i nkage groups to be highly 
conserved (Foster et a 1 • , 1980; Foster et al . , 1981 ) . The apparent 
relationship between L.cuprina and D.melanogaster chromosome arms is shown 
in Tab 1 e 1 . 1 • 
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TABLE 1.1: POSSIBLE CORRELATIONS BETWEEN THE CHROMOSOMES OF L.CUPRINA 
AND D.MELANOGASTER (FOSTER ET AL., 1981) 
L.cuprina D.melanogaster 
chromosome 2 chromosome 2L 
chromosome 3 X-chromosome 
chromosome 4 chromosome 3R 
chromosome 5 chromosome 3L 
chromosome 6 chromosome 2R 
The avai 1 abi 1 i ty of genetically characterized mutants affecting 
eye pigmentation in L.cuprina provided the basis for an extensive study 
elucidating the biochemical pathways involved in eye pigmentation in the 
blowfly (Summers 1979). This study supported the correlation between 
linkage groups in L.cuprina and D.melanogaster, and showed that the 
simi.larity between the two species extends to the biochemical level, at 
least with respect to eye pigment synthesis. 
Access to cloned genes and to a transformation system could be a 
natura 1 extension of the genetic work directed towards b 1 owfly contro 1 
because it would provide the opportunity of placing additional lethals on 
the trans 1 ocated chromosomes as we 11 as opening nove 1 approaches to the 
prob 1 em ( see review by Cockburn et a 1., 1984). However, before such work 
can be attempted, basic knowledge about the molecular biology of L.cuprina 
is required. 
Since the study reported in this thesis concerns the isolation and 
characterization of the L.cuprina eye colour gene, topaz, the biology and 
biochemistry of the eye pigmentation system will be reviewed next. 
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1.5 Eye pigmentation in L.cuprina 
The wild type eye colour of the L.cuprina adult fly is orange-
brown. This col our is due to the presence of two types of screening 
pigments in the pigment cells that act to optically isolate each facet 
(ommatidium) of the compound eye from its neighbours (Summers, 1979). There 
are two independent biochemical pathways that lead to the production of the 
major screening pigments, xanthommat in and sepi apteri n. Xanthommati n, the 
brown pigment, is derived from tryptophan while sepi apteri n is a ye 11 ow 
pteridine which derives from guanine (Summers et al., 1982). Since the work 
described in this thesis does not concern the pteridine pathway, it will 
not be further described. 
1.6 The ommochrome biosynthetic pathway 
The biochemical steps involved in xanthommatin production are 
shown in Figure 1.2. The pathway operates in four organs and in two phases 
during development in L. cupri na. During larval life, free tryptophan is 
taken up by the malpighian tubules and the larval fat body and stored as 
xanthommatin precursors. The pathway is only partially operative in these 
two organs, and the tryptophan is converted · to kynureni ne and 
3-hydroxykynurenine in the malpighian tubules, or to kynurenine only in the 
fat body. Tryptophan itself is stored in the larvae in the form of larval 
proteins. In both L.cuprina and D.melanogaster about 30% of the tryptophan 
content of the fully-grown larvae finishes up as xanthommatin in the adult 
eyes. 
FIGURE 1.2 The xanthommatin biosynthetic pathway in insects (from 
Summers, 1979). 
TRYPTOPHA:\ t tr:·ptophan oxygenase 
N-FORMYL KY~l.:RENL\E t kynurenine formamidase 
KYNURE~INE t kynurenine 3-hydroxylase 
3-HYDROXYKYNURENINE t phenoxazinone synthase 
XANTHOMMATI:"i 
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Soon after pupariation the larval fat body begins to degrade 
releasing into the ha'emolymph tryptophan (from the proteolysis of stored 
proteins) and kynurenine. The malpighian tubules also release tryptophan, 
kynurenine and 3-hydroxykynurenine at this time. At about half way through 
pupal life, the pigment cells in the eyes gain the capacity to take up all 
three precursors; in contrast the oce 11 i ( the fourth group of organs in 
which the pathway operates) are only capable of taking up kynurenine. The 
complete pathway then operates in the eyes with the production of 
xanthommatin, which is deposited in granules. The period of xanthommatin 
deposition extends from half way through pupal life until after emergence 
of the adult fly. 
Although the same sequence of biochemical events (described above) 
occur both in L.cuprina and D.melanogaster, the preferences for precursor 
uptake into the eyes appear to be different. In L.cuprina the eyes appear 
' 
to take up mainly 3-hydroxykynurenine; this results from the fact that the 
first three steps of the ommochrome pathway are sti 11 active in the body 
tissues during pupal life. On the other hand, in D.melanogaster, the full 
pathway operates much more significantly in the eyes, making efficient 
uptake of all three precursors into the eyes more critical (Summers, 1979). 
The first step in the pathway is the conversion of tryptophan to 
N-formylkynurenine by the enzyme tryptophan oxygenase. The enzyme is coded 
for by the ye 11 owi sh gene of L. cupri na and vermilion gene of 
D.melanogaster. Mutants at these loci behave biochemically in a very 
similar way, both accumulating tryptophan during pupal life (when it cannot 
be excreted), and both being blocked in brown pigment synthesis; this 
results in yellow eyed flies in the case of L.cuprina, or red eyed flies in 
the case of D.melanogaster due to the pteridines. (The pteridine pathway in 
D.melanogaster is different to the one in L.cuprina and produces the red 
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drosopterin pigments in D.melanogaster compared with the yellow sepiapterin 
pigment in L.cuprina) (Summers, 1979). The vermilion gene has been cloned 
(Walker et al., 1986a; Searles and Voelker 1986) and the molecular basis of 
some of its mutants analysed. Experiments designed to clone the yellowish 
gene will be described in Chapter 3. 
The second step in the pathway is the removal of the formyl group 
from N-formylkynurenine to form kynurenine. This reaction is catalysed by 
the enzyme kynurenine formamidase. In neither L.cuprina nor D.melanogaster 
have mutants affecting this enzymatic step been identified. In 
D.melanogaster, two loci code for functional enzymes (Moore and Sullivan, 
1978). The probability of mutations occurring simultaneously at both loci 
is extremely low, which is possibly why mutants at the loci have never been 
recovered. This might also be the case in L.cuprina. The level of activity 
of kynurenine formamidase in both D.melanogaster and L.cuprina is very much 
greater than that of tryptophan oxygenase (Moore and Sullivan, 1978; 
Summers, 1979), so that conversion of tryptophan to kynureni ne is often 
treated as a single step. 
The third step in the pathway is the addition of an hydroxyl group 
to kynureni ne to form 3-hydroxykynureni ne. This reaction is catalysed by 
the enzyme kynurenine 3-hydroxylase, which is coded by the yellow gene of 
L.cuprina and the cinnabar gene of D.melanogaster. Yellow and cinnabar 
mutants are very similar biochemically; they accumulate kynurenine during 
pupal life, and are blocked in xanthommatin production, again resulting in 
yellow and red eyes respectively. 
The yellow and yellowish genes are non-autonomous, as a dietary 
supplement of 3~hydroxykynurenine during larval life allows storage of the 
precursor in the malpighian tubules which provides for some adult 
xanthommatin production (Summers, 1979). 
10 
The final step in the ommochrome pathway is the condensation of 
two molecules of 3-hydroxykynureni ne to form xanthommati n. This step is 
catalysed by the enzyme phenoxazi none synthase. The tangari ne locus is 
thought to be associated with this enzyme, however it is not clear whether 
it codes for the enzyme itself or for a regulatory protein. Tangarine 
mutants accumulate 3-hydroxykynureni ne during pupal life but they have 
orange eyes indicating that the blockage in xanthommatin production is not 
complete (Summers, 1979). Two D.melanogaster mutants, cardinal and 
karmoision, share some similar features with the tangerine mutants but it is 
not clear which one of these genes is homologous to tangerine. 
There are two additional loci which have been shown to affect 
brown pigment production in L.cuprina and these are white and topaz. Their 
exact function has not yet been elucidated, however they are thought to be 
involved in the uptake, intracellular transport and storage of brown 
pigment and brown pigment precursors. Unlike topaz, the white gene affects 
the pteridine as well as the ommochrome pathway. 
Mutations in the white gene can either completely abolish brown 
and yellow pigment production, resulting in white-eyed flies or only reduce 
the level of pigment production, yielding partially pigmented eyes. 
L.cuprina white mutants behave biochemically in a very similar manner to 
D.melanogaster white mutants (Summers, 1979), strongly arguing that the two 
genes are homologous. Since the two white genes have now been cloned and 
shown to possess considerable sequence homology, this assumption has been 
supported by molecular data as well (O'Hare et al., 1984; A.J. Howells, 
pers. comm. ) . 
The topaz gene and its mutants are the major topic of this thesis, 
therefore the biochemical aspects concerning its role in the pathway will 
be described in more detail. Mutations at the topaz locus reduce 
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significantly the level of brown pigment produced. In the two available 
mutants, topaz 1 and topaz 2, brown pigment level is 3% and 20% respectively 
relative to wi 1 d type levels (Summers, 1979), so that topaz 1 flies have 
yellow eyes while topaz 2 eyes are orange. 
Examination of the effect that the topaz mutations have on the 
intermediate steps of the pathway show that (i) the mutants fail to 
accumulate 3-hydroxykynurenine in their malpighian tubules during larval 
life, and (ii) there is a low l eve 1 of conversion of kynureni ne into 
3-hydroxykynureni ne in both who 1 e 1 arvae and adult eyes (Summers, 1979; 
Summers and Howe 11 s, 1980). The possible homologous gene to topaz in 
D.melanogaster is scarlet. Scarlet mutants also fail to accumulate 
3-hydroxykynurenine in their larval malpighian tubules, however conversion 
to 3-hydroxykynureni ne of the kynureni ne that is taken up by the tubules 
and eyes appears to be normal. 
Another major difference between topaz and scarlet is in the 
ability of their eyes to take up kynureni ne. The uptake and storage of 
kynurenine in topaz eyes appear to be normal (Summers, 1979) while scarlet 
shows a defect in the precursor uptake and storage, reducing its level 
relative to wild type by about 65% (Sullivan and Sullivan, 1975). 
These results suggest that while the scarlet mutation affects the 
uptake mechanisms in both the malpighian tubules and the eyes, the topaz 
mutations affect the malpighian tubules only (Summers 1979). These 
differences can perhaps be correlated with the altered way that ommochrome 
pathway operation appears to be coordinated in the two species. As 
discussed earlier, in developing pupae of L.cuprina most of the production 
of 3-hydroxykynureni ne seems to occur in body tissues, (probably in the 
malpighian tubules), whereas in D.melanogaster a much larger emphasis is on 
its production in the eyes. The significance of the observation that 
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kynureni ne conversion to 3-hydroxykynureni ne is more defective in topaz 
mutants than in scarlet is difficult to evaluate. Therefore although it 
seems likely that the topaz and scarlet genes are homologous, since they 
are both necessary for the norma 1 uptake and processing of ommochrome 
precursors, some differences may be encountered in the structures and 
temporal~ and tissue-specific expression of the genes to explain the 
altered functions. 
As outlined earlier, this thesis involves the detailed analysis at 
the molecular level of the topaz gene region. Consequently a brief review 
of DNA sequence organization in the eukaryotic genome will now be 
presented. 
1.7 The organization of DNA sequences in the eukaryotic genome 
The DNA of the eukaryotic genome can be divided broadly into three 
major classes: unique, moderately repeated and highly repeated. All 
eukaryotic genomes appear to contain all three classes of DNA, but there 
are major variations in the internal organization of these sequences, in 
particular in the repeated DNA component. Their relative copy number, 
distribution, size and actual base sequences can differ dramatically 
between species. The general features of the three classes of DNA sequences 
are described below. 
1.8 Unique sequences 
Sequences present in l to l O copies per genome are regarded as 
unique sequences . Genes are probably the best characterized component of 
this class (although sequences within genes are not always strictly unique 
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as introns of some genes contain repeated sequences (Karlsson and Nienhuis, 
1985) and some genes are repeated, as will be discussed in the next 
section). Non-genie unique sequences are probably under-represented i n 
reported studies because of the difficulty of relating sequence to obvi ous 
function for this type of DNA. 
In the structural sense, a gene can be defined l oosely as the 
minimal stretch of ONA which contains the information for its function plus 
all the sequences required for its correct temporal and spatial expression. 
The fact that the coding regions of eukaryotic genes are usually not 
continuous but are interrupted by i ntrons has been we 11-estab l i shed over 
the past l O years. Thus, more recently, attention has focused on the 
non-:-codi ng regions which lie outside or among the coding regions. The 
functional significance of the fine scale organization of sequences in 
these regions has been partially elucidated through comparative studies 
between genes which have focused on the conservation of sequences outside 
the coding regions, pointing to possible regulatory signals (Breathnach and 
Chambon, 1981; Mount, 1982; Ke 11 er and Noon, 1985). Recent studies on the 
analysis of mutations which are caused by insertions, deletions or base 
substitutions outside the coding regions are also making a significant 
contribution to our understanding of these regions. In some cases the use 
of gene transformation systems has allowed the establishment of the actual 
size of genes (i.e., the length of ONA which needs to be reintroduced to 
fully restore gene function) and through in-vitro site-specific mutagenesis 
the exact sequences associated with particular regulatory functions have 
been identified (Levis et al., 1986). 
As might be expected, the emerging pattern is complex, with some 
sequences being conserved because their actual sequence is functionally 
important, while others (which still appear to be functionally important) 
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have diverged. In the latter case their role might be explained in terms of 
the spacing of regulatory signals or the formation of secondary structures. 
Different genes appear to have different sets of regulatory s i gnals, which 
can be positioned in various sites along the gene. The common 
organizational features (for genes transcribed by RNA polymerase II) are as 
follows: 
( 1 ) The 5 1 -untranscribed region. Since transcription is initiated from 
the 5 1 end, the region of the gene preceding transcription initiation site 
is usually called the 5 1 -untranscribed region. In most cases it contains a 
TATA box sequence ( TAT A~A~ ) which is thought to si gna 1 to the RNA 
polymerase the position of transcription initiation, about 30 bp 
downstream. Mutations altering the position of the TATA box or its actual 
sequence reduce the frequency of transcription or cause multi p 1 e 
tran.scription initiation sites (Breathnach and Chambon 1981) . In yeast, 
examples have been found where transcription initiation appears to be 
determined by specific DNA sequences rather than simply by the distance 
from the TATA box, implying a different role for TATA boxes in yeast 
( Nagawa and Fink, 1985; Hahn et a 1., 1985). Upstream of the TATA box, at 
variable distances but usually within a few hundred bp, a CCAAT box is 
often found; the exact function of this sequence is unknown but it appears 
to be important in determining the frequency of transcription. Other short 
sequences (in the order of 10-20 bp) concerned with the tissue specificity 
or response specificity have a 1 so been found, usually within 1 kb of this 
region (Karin et al . , 1984; Pelham, 1982; Walker et al . , 1986b) . 
(2) The transcribed region . This region can be divided into four 
parts: the 5 1 -untranslated region, which lies between the transcription 
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initiation site and the codon for the initiating methionine residue; the 
exons, which are the protein coding sequences; the introns, the non-coding 
intervening sequences which are spliced out of the primary transcript; and 
the 3 1 untranslated region, which lies beyond the termination codon. The 
DNA sequence of the exons reflects the amino acid sequence of the protein 
it codes for, with the existence of an open reading frame (i.e., the 
absence of termination codons) being perhaps their most general feature. 
The presence of i ntrons within most eukaryoti c genes studied so 
far has raised many speculations about their origin and function. They may 
represent ex amp 1 es of II se 1 fish DNA 11 , conferring 1 itt 1 e or no phenotypi c 
advantage (Doolittle and Sapienza, 1980) or they may have some function 
(Gilbert, 1978). Observations supporting both schools of thought have been 
reported. On the one hand, in different species, related genes with highly 
conserved codin~ regions contain introns which have completely diverged in 
size and sequence (Efstratiadis et al., 1980; Cornish-:-Bowden, 1982) and 
this argues for the 11 selfish DNA 11 theory. On the other hand, other lines of 
evidence argue that intron sequences do have a function, even if it is not 
sequence specific. These are supported by the finding of regulatory 
sequences within i ntrons ( Gil 1 i es et a 1., 1983), the presence of conserved 
blocks of sequences within introns from functionally related genes (Milner 
et al., 1984) or the correlation of the position of some introns with the 
functional domains of proteins (Craik et al., 1981) or with the amino acid 
residues 1 ocated at the protein surf ace ( Crai k et a 1., 1982). Structura 1 
features generally shared between introns have been identified; at the 51 
splice junction, (the donor site) a 9 bp purine rich consensus sequence has 
been established and at the 3 1 splice junction (the acceptor site) a 5 bp 
consensus sequence preceded by a pyrimidine rich tract is found (Breathnach 
and Chambon 1981; Mount, 1982). 
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The 3 1 untranslated region often contains the AATAAA sequence 
located a few hundred bp downstream from the translation termination codon. 
This sequence, commonly referred to as 11 the poly A addition signal 11 appears 
now to be primarily involved in endonucleolytic cleavage of the RNA 
transcript, followed by polyadenylation (Proudfoot, 1984; Montell et al., 
1983; Higgs et al., 1983). Other regulatory sequences involved in temporal 
and tissue specificity have been found downstream from the AATAAA si gna 1 
(Choi and Engel, 1986). 
1.9 Repeated DNA sequences 
The presence of repeated DNA sequences in a wide range of 
eukaryotic genomes was first suggested by reassociation experiments 
(Britten and Kohne, 1968). Since then many of these repeated sequences have 
beer:, isolated and submitted to molecular biological investigations 
revea 1 i ng features such as size of various repeats, copy number, genomic 
di stri buti on, nucleotide sequence and degree of sequence conservation of 
repeats within and between species. These studies divide the repeated 
sequences into a number of broad categories: ( 1) repeated gene f ami 1 i es, 
( 2) short dispersed repeats, ( 3) 1 ong dispersed repeats, and ( 4) tandemly 
arrayed highly repeated sequences (satellite DNA). It should be emphasised 
that this division is for convenience of description only and both 
structural and functional overlap between the classes does exist. 
1.10 Repeated gene families 
Repeated genes can be found as a cluster in one or a few 
chromosoma 1 1 ocat ions, or dispersed throughout the genome. Ex amp 1 es of 
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clustered and tandemly arrayed genes are the 18S and 28S ribosomal genes in 
Xenopus 1 aevi s, where about 500 copies of the genes are 1 ocated in the 
nucleolus organizer region (Long and David, 1980), or the 160 copies of the 
5S RNA genes from D.melangoaster (Hershey et al., 1977 ) . The hi stone, actin 
and transfer RNA genes are ex amp 1 es of repeated genes which in different 
organisms can be found either clustered or dispersed throughout the genome 
(Kedes, 1979; Fyrberg et al., 1980; Yen and Davidson, 1980 and Clarkson 
et al . , 1973). The presence of multiple copies of a gene may be 
advantageous to the organism if the gene product (RNA or protein) is 
required rapidly and in large quantities. An extreme example of the rapid 
evolution of repeated genes under strong selective pressure is the 
amplification of dihydrofolate reductase genes in tissue culture cells 
treated with methotrexate (Kaufman et al., 1979). 
Another class of sequences, which belongs somewhere between 
multigene families and repeated sequences, are the pseudogenes. These 
sequences, which are often highly homologous to known functional genes, are 
incapable of producing a functional product due to single or multiple 
mutations in their regulatory or coding regions. Some are thought to have 
been generated by gene duplication events, although the exact mechanism is 
not known. The finding that many pseudogenes lack introns, i.e. resemble a 
cDNA copy of a processed mRNA, 1 ed to the suggestion that they were 
generated by a reverse transcription of mRNA species followed by 
integration into the genome. These pseudogenes are now refered to as 
processed retropseudogenes (reviewed by Little, 1982; Weiner, et al . , 
1986). The fixation of pseudogenes in the genome, despite their lack of any 
obvious function, has been interpreted as being the consequence of the 
inability of the organism to remove such sequences, resulting in general 
expansion of the genome (Hutchinson et al., 1984) . 
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1.11 Short dispersed repeats 
Short interspersed repeated sequences, or SINE (Singer, 1982), 
refers to repeated sequences, around 300bp long, interspersed in the genome 
with longer, unique sequences. This pattern of sequence organization, 
called short periodicity interspersion or the Xenopus pattern is found in 
most eukaryotic genomes examined so far (for example Davidson et al., 1973; 
Goldberg et al., 1975; Jelinek and Schmid, 1982 and Bradfield et al., 
1985). Reassociation kinetics, used initially to identify this genomic 
organization, has also pointed to a number of exceptional cases such as 
D.melanogaster and Apis mellifera whose genomes consist of long repeats (on 
average 5,600 bp long) interspersed_ with much longer unique sequences 
(Manning et al.-, 1975; Crain et al., 1976a; Crain et al., 1976b); this 
pattern was called long periodicity interspersion. With the introduction of 
recombinant DNA techniques to the study of . repeated sequences, this 
distinction in genomic organization patterns was found not to be strictly 
correct as short repeats have been found in some gene regions from 
D.melanogaster (Healy, 1985) and long repeats have been found in organisms 
characterized for their short p~riodicity interspersion (Jelinek and 
Schmid, 1982). However in the general sense these terms st i 11 describe how 
the majority of the genome is organized in different species. 
One of the best characterized families of the short interspersed 
repeats are the Alu sequences, found primarily in primate genomes (Schmid 
and Jelinek, 1982). These sequences, which are approximately 300 bp in 
length and are present in about 500,000 copies in the human genome, appear 
to have descended from the 7SL RNA gene and are now known as dimeric 
retropseudogenes (Ullu and Tschudi, 1984). The observation that most Alu 
repeats are flanked by direct repeats (Van Arsdell et al., 1981), together 
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with the identification within the Alu family consensus sequence of two 
regions homologous to promotor sequences for RNA Polymerase Ill, (Deininger 
et al., 1981) led to the suggestion that the Alu family is in fact a 
transposable element moving by self-regulated transcription i.e. via an RNA 
intermediate (Jagadeeswaran et al., 1981; Rogers, 1983). Sequence studies 
on other families of SINES indicate that they are mostly retropseudogenes 
derived from tRNA or tRNA genes (reviewed by Weiner et al., 1986). 
1.12 Long dispersed repeats 
Long repeats, on average 5-8kb in length, can be found in a wide 
range of organisms (for example Jelinek and Schmid, 1982; Kay and Dawid, 
1983; Sentry and Smyth, 1985). Differences in their structure and 
repetition frequency further di vi des them into three broad categories: 
transposable elements, scrambled repeats and other long repeats. 
1.12.l Transposable elements · 
Transposable elements, which can be defined as discrete genetic 
elements capable of transposition in the genome from one chromosomal 
* 1 ocat ion to another, have 4 general common properties : ( i) they are 
present in multiple copies in the genome, (ii) they are found in different 
* These criteria for defining transposable elements do not take into 
account the mounting evidence that other types of repeat elements 
appear to transpose as we 11 , but wi 11 be used in this introduction to 
simplify matters. 
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chromosomal locations in different populations of the species, (iii) they 
possess terminal repeats, and (iv) they create a short duplication of the 
target site within which they inserted. Further verification of 
transposition can be obtained either genetically (usually reversion of 
mutations), by in situ chromosome hybri di zati on (demonstrating different 
chromosomal locations in different strains) or by direct DNA sequencing of 
wild type and mutant genes (caused by the insertion of a transposable 
element). 
Transposable elements have been found in a wide variety of 
organisms such as bacteria, yeast, nematodes, plants and insects (reviewed 
in Mobile Genetic Elements, edited by Shapiro, 1983; Finnegan, 1985). They 
have raised particular interest as the demonstration of their transposition 
was the first indication of fluidity in the genome. In addition, their 
association with - the generation of spontaneous mutations, and more recently 
their use in DNA transformation experiments (Spradling and Rubin, 1982; 
Rubin and Spradling, 1982) have encouraged much work to be directed towards 
the isolation and characterization of transposable elements. While 
Drosophi 1 a species appear to contain 30-50 different f ami 1 i es of 
transposable elements, with D.melanogaster leading the way (Dowsett and 
Young, 1982; Finnegan, 1985), other organisms, (with the exception of corn, 
Zea mays,) appear to have only one, or a few families of transposable 
elements in their genome. Whether this reflects a 1 ess advanced state of 
study relative to Drosophila for other organisms or represents a 
significant difference in genome structure is still too early to say. 
The transposable elements from Drosophila have been divided on the 
basis of their structure into 3 main groups. So far transposable elements 
isolated from other organisms fit into these structural groups and will not 
be described individually. 
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( 1 ) Copi a-1 i ke e 1 ements. Copi a-1 i ke e 1 ements are named after one of 
the first transposable elements isolated in D.melanogaster (Finnegan et 
al., 1978). They consist of internal coding sequences about 5 to 8 kb long, 
and are flanked by 200-500 bp direct repeats which have short inverted 
repeats at their termini . There appear to be between 20 to 60 copies of 
each copia-like element in D.melanogaster embryos, and about double that 
number in tissue culture cell lines (Potter et al., 1979; Young, 1979). It 
has been estimated that there are about 30 different types of copi a-1 i ke 
elements in the D.melanogaster genome. 
Copia sequences have been also found in the form of extra-
chromosomal circles (Flavell and Ish-Horowicz, 1981). Their similarity in 
structure to the provi ra 1 form of retroviruses suggests they might be 
evolutionary related and has lead to the use of the new term 
"retrotransposons" for these elements. It is as yet unknown what regulates 
transposition of copi a-1 i ke sequences however regulatory regions within 
copia are currently being analysed (Sinclair et al., 1986). Another well 
characterized member of this family is the Ty element from yeast (Roeder 
and Fink, 1983). 
(11) Fold-back elements. The fold-back, or snap-back elements from 
D.melanogaster (DmFB) were isolated on the basis of homology to a class of 
sequences which reassociates at zero C
0
t values (Potter et al., 1980; 
Truett et a 1., 1981). These e 1 ements have inverted termi na 1 repeats and an 
internal region, both of which can vary in size between different members 
of the family. The inverted repeat termini are composed of smaller and 
simpler internal repeats. Towards the distal end 10 bp repeats are 
interspersed with other DNA sequences; as you move internally, these 
repeats change progressively to tandem arrays of 2lbp, 33bp and finally 
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155bp repeats. The internal region varies between elements or could be 
missing altogether (Potter, 1982). Evidence for the mobility of fold-back 
elements comes from in situ hybridization studies which show significant 
differences in the chromosoma 1 1 ocati ons of the 30 copies of the e 1 ement 
between strains, and from the association of fo 1 d-:-back e 1 ements with the 
wDzl and we unstable mutations (Levis et al., 1982; Collins and Rubin, 
1983). Similar sequences have also been described in Strongylocentrotus 
purpuratus (Liebermann et al., 1983). 
(111) P-elements. The P-element from Drosophila has attracted 
considerable interest because of its role in hybrid dysgenesis, a syndrome 
of genetic traits that include sterility, elevated rates of male 
recombination, mutation and chromosomal aberrations (Bingham et al., 1982; 
Bregliano and Kidwell, 1983), and because of its use as a vector to 
transform Drosophi 1 a embryos with DNA sequences of choice (Spradling and 
Rubin, 1982; Rubin and Spradling 1982) . The complete P-element is 2.9kb 
long, although truncated forms derived from internal deletions have been 
found. The e 1 ements are flanked by short ( 31 bp) inverted termi na 1 repeats 
which are essential for transposition (O'Hare and Rubin, 1983). There are 
four open reading frames within the intact P-element, and all four combine 
to code for an 87,000 dalton protein believed to be a transposase (Karess 
and Rubin, 1984; Rio et al., 1986). Regulation of P-element transposition 
is determined by differential mRNA splicing, such that functional 
transposase is made only in the germline (Laski et al . , 1986). This 
germline specificity of P-:-element transposition is in contrast to the Tel 
element from the nematode, Caenorhabditis elegans where transposition 
occurs primarily in the somatic tissues (Emmons and Yesner, 1984) . Another 
Drosophila transposable element with similar genetic traits to the 
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P-element is the I-element, also associated with hybrid dysgenesis 
(Bregliano and Kidwell, 1983). The I-element has been cloned and partially 
characterized . The element is 5.4 kb in length and does not show structural 
or sequence homology with any of the other known transposable elements from 
D.melanogaster (Bucheton et al., 1984). 
Features common to a 11 Drosophila transposable e 1 ements are the 
presence of short inverted repeats at their termini, duplication of 
integration target sites, controlled copy number in the genome (individuals 
from any particular strain appear to have a fixed characteristic copy 
number) and a role in the genera ti on of spontaneous mutations ( to be 
described in Chapter 5). Transposition itself is probably determined and 
regulated differently in the various elements . Copia was shown to be 
transcriptionally responsive to environmental stress such as heat shock or 
chemicals (Strand and McDonald, 1985) and transposition bursts of different 
transposable elements in the course of hybrid dysgenesis have also been 
reported (Gerasimova et al., 1984a; Gerasimova et al., 1984b). In yeast, 
lowering the temperature from 30°C (the optimum) can increase the rate of 
Ty transposition by up to 100 fold (Paquin and Williamson, 1984); this 
could be due to temperature sensitivity of enzymes involved in 
transposition. In addition, transcription of the Ty element is induced by 
ultraviolet light (Rolfe et al., 1986) 
1.12.2 Scrambled repeats 
The term II scrambled repeats II refers to DNA elements which are 
composed of a number of different repeated sequences. Each repeat is 
present in a different copy number in the genome, and in combination with 
different repeated sequences at any location, making each such cluster a 
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unique combination of sequences. Examples of scramb l ed repeats have been 
found in the chicken genome (Eden, 1980; Musti et al., 1981 ) , Drosophila 
(Wensink et al., 1979) and the slime mould, Physarum po lycephalum (Peoples 
and Hardman, 1983). The fact that each "scrambled cluster" is composed 
essentially of the same sequences only in different combinations led 
Wensink et al. (1979) to speculate that these repeats transpose around the 
genome via a recombination mechanism that has partial site specificity. 
1.12.3 Other long dispersed repeats 
There have been a number of reports concerned with long dispersed 
repeats of a different type to the ones already described, for example the 
1723 element from X.laevis (Kay and Dawid, 1983 ) or the Barn family from 
Lilium henryi (Sentry and Smyth, 1985). Another major repeat family is the 
LI NE or Ll family, found primarily in mammals (Rogers 1983; Singer et al., 
1983; Demers et al., 1986). Repeats from the Ll family can be transcribed; 
they vary in 1 ength but are characterized by an A rich stretch of DNA at 
one end, and by the presence of long open reading frames within their 
sequence. These features have led to the suggestion that the Ll family are 
retroposons and have derived from a protein coding gene which spread 
throughout the genome vi a RNA intermediates and a reverse transcri ptase 
process, during which most of the copies became non-functi ona 1 (Hardman, 
1986). This hypothesis is supported by the finding of significant sequence 
homo 1 ogy between several RNA-dependent DNA Polymerases and L 1 sequences 
(Hattori et al., 1986). They speculated that the polymerase binds to its 
own messenger RNA immediately after translation to start cDNA sythesis, and 
thus possibly enabling preferential and active dispersion of the Ll repeat 
family during evolution. 
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If indeed all dispersed repeated sequences are mobile (in the 
evolutionary sense), it points to genome fluidity on a scale not perceived 
only a few years ago, and further emphasizes the need for more work to be 
done on these sequences before their ro 1 e in the genome and i n evo 1 uti on 
can be fully understood. 
1. 13 Tandemly arrayed highly repeated DNA sequences 
Since the discovery of highly repeated DNA sequences by 
reassociation experiments (Britten and Kohne 1968) a great deal of study 
has been done on those repeats, characterizing their nucleotide sequences, 
sequence complexity, genomic organization and chromosomal distribution. 
These sequences can be repeated thousands of times in the genome and are 
usually organized in tandemly arrayed blocks. A repeat unit can be as short 
as only 2 base pajrs (bp) long, as for example the ATAT repeat found in the 
crab genome (Sueoka and Cheng 1962), or can be much longer and more complex 
(such as the 2500 bp repeat unit of the red necked wallaby satellite, 
Dennis et al., 1980). In D.melanogaster junction molecules between 
different highly repeated DNA species have been i so 1 ated, i ndi cati ng that 
l ong arrays of repeating sequences can be adjacent in the genome (Peacock 
et al., 1977). 
The chromosoma 1 1 ocat ions of highly repeated DNA sequences have 
been determined by in situ chromosome hybridization. The first experiments 
(Pardue and Gall 1970; Jones 1970), showed that in the mouse the major 
highly repeated sequences are 1 ocated in heterochromati n near the 
centromeres. Heterochromatin (Heitz 1928) does not uncoil at mitotic 
telophase and is maintained in a condensed state throughout interphase and 
into the subsequent prophase of the next division cycle. With more data 
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available, it has become clear that there is a good correlation between 
heterochromatin (often visualised by C-banding) and the location of highly 
repeated sequences. However, they are not restricted to the centromere and 
can be present at telomeres and in interstitial bands on chromosomes 
(Appels et al., 1978; Gerlach and Peacock, 1980). 
Examination of highly repeated sequences from different re 1 ated 
species shows in many cases that these sequences have been conserved during 
evo 1 uti on. The same sequence can be found in species which have been 
separated for mi 11 ions of years, and the degree of sequence conservation 
can be as high as the conservation of some of the structura 1 genes during 
the time period that the species have separated (Moore et al., 1978). 
Salser et al. (1976) proposed an explanation for the presence of 
the same highly repeated sequence in different species, known as the 
"library hypothesis". They proposed that each species contains an array or 
library of differ~nt repeat units present at low levels in the genome. Some 
or all components of the library are held in common by different species . A 
species produces highly repeated sequences by randomly amplifying some of 
the repeat units in the library. 
Southern (1970) envisaged the generation of highly repeated DNA 
sequences as involving a rapid initial saltatory replication step in which 
a stretch of DNA is amplified many times in a tandem fashion, followed by a 
slow process of divergence by mutations. By combining the two processes and 
varying the number of amplification steps and the extent of divergence, 
this model can, in principle, account for the structures of the different 
highly repeated DNA's as reported in different species. 
An alternative theory was proposed by Smith (1976) who states that 
"DNA whose sequence is not maintained by se 1 ecti on wi 11 deve 1 op 
periodicities as a result of random crossover''. His theory is based on the 
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assumption that once selection pressure does not apply to conserve a 
certain sequence, that sequence accumulates random mutations at a high 
rate . At some stage regions of homology within that sequence are formed, 
a 11 owing out of register pairing, so consequently unequa 1 crossover would 
t ake place causing the elimination or generation of tandemly arr ayed 
r epeated sequences. Most of those dup 1 i cations are e 1 i mi nated by natura 1 
selection but some are fixed by random drift appearing as a monomer repeat 
unit. 
These two proposed mechanisms of amplification of repeated DNA can 
account for both elimination and generation of repeated DNA during 
evolution and in most cases the models can not be distinguished on an 
experimental basis. 
1.14 Scope of thesis 
Despite the fact that the sheep blowfly, L.cuprina and the 
fr uitfly D.melanogaster diverged about 100 million years ago (Bever ly and 
Wilson 1984), they still retain similar genetic linkage groups (Foster et 
al., 1981). Biochemical studies on the biosynthesis of eye pigments have 
shown that the ommochrome pathway operates in a very similar way a 1 so in 
t he two species ( Summers et al . , 1982). The work to be described in this 
t hesis aims to extend to the molecular level knowledge about the genome of 
t he sheep blowfly in general, and about the nature of the genes involved in 
the ommochrome pathway in particular. 
The majority of the work has focused on the topaz eye colour gene; 
this gene was chosen for a number of reasons . (1) The homologous gene from 
D.melanogaster, (scarlet) had been cloned and could be used as a probe to 
isolate the topaz gen~ (2) The role of topaz (and scarlet) in the 
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ommochrome pathway was not well understood and their gene products had not 
been isolated or even identified . It was therefore anticipated that by a 
detailed comparison of the two genes, the coding regions could be 
recognized and a putative gene structure and protein sequence determined, 
which might provide some insight about function. Such a comparison would be 
of interest from the evolutionary point of view as well. (3) Two 
spontaneous topaz mutants were available; their analysis could provide 
information about the sources of natural mutations in L.cuprina and perhaps 
lead to the isolation of transposable elements from this species. (4) The 
development of a gene transformation system for the blowfly is an essential 
step towards assessing the potential role of recombinant DNA technology in 
the biological control of pest insects. Topaz, being an eye colour gene, 
could serve as a sensitive phenotypic marker for the development of such a 
system. (5) A detailed molecular analysis of topaz (or any other gene) 
would provide information about the general organization of sequences in 
the . L.cuprina genome. 
The remainder of the thesis is organized as follows: Chapter 2 
provides details about the methods used. In Chapters 3 and 4 the isolation 
and characterization of the wild-type topaz gene is presented. Questions 
concerned with the genomic organization of sequences from the topaz gene 
region, the homology between the topaz and scarlet genes, their structure 
and the structure of the putative topaz protein are addre·ssed. In Chapters 
5 and 6 the isolation and characterization of the two topaz mutants is 
described. The mutant genes are compared to the wild type gene, and the 
changes observed between the three alleles analysed. In the final chapter 
the results obtained in this thesis are discussed with reference to other 
eye colour genes. The use of topaz and scarlet as markers in gene 
transformation experiments are described, and the use of such a system for 
the functional analysis of the topaz mutants considered. 
29 
CHAPTER 2 
MATERIALS ANO METHODS 
2.1 CHEMICALS ANO REAGENTS 
The chemicals and reagents used in experiments are listed in Table 
2.1 and enzymes in Table 2.2. Unless otherwise noted the quality of 
chemicals and reagents used was of analytical grade or higher. 
2.2 BACTERIAL, PHAGE ANO PLASMID STRAINS 
The strains of E.coli, its plasmid vectors and phages ;>.. and Ml3 
which were used iD experiments are listed in Table 2.3. 
2.3 COMMONLY USED SOLUTIONS 
Commonly used media, buffers and other solutions are listed in 
Table 2.4. 
2-A GROWTH OF BACTERIA, PHAGE ANO PLASMIDS 
2.4.1 Growth of Bacterial Strains 
Bacterial strains LE392 and C600 were propagated in NZCYM whilst 
JPAlOl and JM83 were propagated in LB (Maniatis et_al ., 1982). Suspensions 
of the various stocks were kept as 50% glycerol cultures at -20°c. An 
o Ligations conditions: 
Equimolar ratio of vector arms and insert DNA in the 
presence of T4 DNA 1 igase . ( For ligation buffer see Table 2.4) 
Temperature of incubations : l4°C 
Incubations time : 18 hours 
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aliquot of glycerol culture was used to inoculate 20-50 ml of medium in 
100-500 ml flasks, and incubated with vigorous shaking at 37°c, usually 
overnight ( o/n), or in the case of preparation of competent ce 11 s for 
plasmid transformations, to an optical density (O . D) at 600 nm of 0.3~0.6 , 
Transformation competent JPAlOl were prepared as described by Messing 
(1983) and JM83 as described by Messing et_al. (1981) . They were either 
used immediately or stored frozen in aliquots under liquid N2. 
The preparation of genomic DNA libraries 
Genomic DNA libraries were prepared by using partially Sau3A 
digested SWT, topaz1 and topaz2 DNA or BamHI digested topaz2 DNA that were 
(16 to 20 kb fractions used) · 
size fractionated on NaCl gradients~and ligated into the BamHI site of the 
>,.-derived vectors EMBL3A or EMBL4~ The recombinant phage DNA were then 
packaged into phage part i c 1 es in __ vit-ro. Methods for the preparation of 
vector DNA, for the digestion and ligation reactions and for the 
preparation of ia _vitro packaging extracts were essentially as described by 
Maniatis et ._ al., 1982. Most of the components were prepared by myself; 
however, I wish to acknowledge the gift of EMBL4 DNA arms and some samples 
of packaging extract from Mrs J. Norman, and the assistance of Mandy Walker 
in packaging the EMBL4 library, both from C.S.I.R .• O, , Division of Plant 
Industry , Sonic extracts were prepared by Mrs A. Vacek in our laboratory . 
2.4.3 Screening of Recombinant Phage>,. Libraries 
Screening of recombinant ph,age 1 i brari es was carried out by mixing 
phage with aliquots (200µ1 for 140 mm dia . plates, 50µ1 for 85 mm dia. 
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plates) of LE392 (EMBL3A) or C600 (EMBL4); o/n cultures of the cells were 
grown in the presence of 0.2% maltose, then briefly centrifuged (5000g for 
5 minutes (min)) and the cells resuspended in 0.5 volumes of lOmM MgS04. 
After incubation for 20 min at 37°c to allow phage to adsorb to the cells 
it was then mixed with 10 ml (large plates) or 3 ml (small plates) 0.7% 
agarose in NZCYM. The agarose overlay was poured onto plates containing 
1.5% agar in NZCYM. The plates were then incubated o/n at 37°c. Optimally, 
densities of approximately (c.) 10,000 plaques/plate (large plates for 
initial library screens) or c. 100 plaques/plate (small plates for plaque 
purification) were achived. The method of Benton and Davis (1977) was used 
to make replica lifts onto nitrocellulose filters, except that the filters 
were placed on 3MM paper saturated in 0.5M Na0H/0.5M NaCl and then 0.5M 
Tris.HCl, pH 7.5/2xSSC, DNA side up (5 min each), for alkali lysis and 
neutralisation respectively. After fixation at so0 c in vacuo for 2-3h the 
filters were either stored at room temperature ( R. T.) or prehybri di sect 
immediately (see below). 
After hybri di sati on and autoradi ography, plugs of agarose 
containing positively identified plaques were removed from plates and 
placed in l ml of SM containing 15µ1 of chloroform. Aliquots of dilutions 
were then plated out as above and a lift made from the pl ate with the 
appropriate titre for the next round of purification. 
2.4.4 Plasmid Transformation 
Competent bacteria were prepared as described in Maniatis et al. 
( 1982). JM83 was used for pUC transformations . These transformations ( and 
Ml3 in the next section) involved selection for inactivation of the 
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s-galactosidase gene in the plasmid by insertion of foreign DNA, and thus 
the presence of white recombinant colonies in a background of blue parental 
colonies when grown on media supplemented with X-Gal. Ligation mixes were 
made up to 50µ 1 with TE and 20µ 1 of 1 OxTCM was added. The so 1 ut i or:i was 
gently ~ixed with thawed aliquots ,of 125µ1 of cells (about 108 competent 
cells) and the procedure of Maniatis eLal. (1982) followed, · except that 
the ce 11 s were heat shotked at 37°c for 5 min. A 1 i quots ( 100-200µ 1 ) of 
transformation mixes were plated onto· LB plates containing 50µg/ml 
ampicillin and an overlay of 3 ml top agarose (0.7%) containing 35µ1 2% 
X-gal was added . Plates were incubated at 37°c o/n. 
2.4 .5 Transformation with Phage M13 
To Ml3 ligation mixes, 200µ1 of competent JPA101 cells (c. 8xl08 
competent ce 11 s) was added and the mixture incubated on ice for 40 min, 
heat shocked at 37°c for 5 min and then p 1 aced on ice. 200µ 1 of an o/n 
' -
culture of JPA101 (for lawn culture), 10µ1 200 mM IPTG, 35µ1 2% X-Gal and 3 
ml top agarose (0.7%) were then added and t~e solution plated on LB plates , 
The plates were incubated at 37°C o/n. 
2.5 ISOLATION OF NUCLEIC ACIDS 
2.5.1 Precipitation of Nucleic Acids 
Solutions of nucleic acids were precipitated by addition of either 
an equal volume 4M NH 4Ac pH 7 or 1/10 volume 3M NaAc pH 5.5, followed by 
2-2.5 volumes of ethanol. The ethanol precipitates were stored at -20°c for 
10 min to o/n, and then centrifuged for 15-30 min at 4°c (Eppendorf 
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centrifuge) to recover the pellet. The supernatant was then aspirated and 
the pe 11 et usu a 11 y washed in 70% ethanol and aspirated dry before be i ng 
redissolved in H2o or TE. 
2. 5.2 Phage A DNA 
DNA was extracted from large or small scale liquid lysates exactly 
as described in Maniatis et _al. (1982); 107 pfu of Lcupriaa recombinant 
phage were used per 10 ml of culture. 
2 .S.,3 Phage Ml3 DNA 
Single stranded Ml3 DNA was isolated essentially by the method of 
Messing (1983). Wh-ite plaques and surrounding top agarose were transferred 
to l'3 . 5 ml tubes containing 1. 5 ml 2xYT and incubated at 37°c for 6h with 
vigorous shaking. The culture was then transferred to Eppendorf tubes, 
centrifuged for 30 sec and l ml of the supernatants transferred to an 
Eppendorf tube containing 250µ1 2.5M NaCl / 25% PEG and stored at R.T . for 15 
min or 4 °c o/n. The PEG precipitates were centrifuged for 5 min, the 
supernatants aspirated and the pe 11 ets resuspended in 200µ l NTE. After 
extraction with 200µ1 phenol, the aqueous phase was recovered and 
precipitated with NaAc/ethanol; the pellet was redissolved in 20µ1 H2o. The 
DNA solutions were heated to 65°c for 10 min and then stored at -20°c . 
2.5.4 Plasmid DNA 
Large and sma 11 sea 1 e preparations of p 1 asmi d DNA were generally 
carried out by the alkali lysis method (Maniatis et _al -. , 1982) with the 
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following modifications. A loop of transformed colony or glycerol culture 
was added to 500 ml (large scale) or 5-50 ml (small scale) LB containing 
50µg/ml ampi ci 11 in and the suspension incubated o/n at 37°c with vigorous 
shaking. To pellet the cell debris and bacterial DNA following alkali lysis 
in the large scale method, tubes were centrifuged at 10,000 rpm for 30 min 
in an SS34 rotor. In the sma 11 sea 1 e method lysozyme was not used because 
it did not greatly increase yields of pUC and pUC-derived plasmids . 
2 0 5.5 Genomic DNA 
Genomic DNA was extracted from whole adults either by the large 
scale method of Miklos et al. (1984) or by modification of the small scale 
method of Coen et _al. (1982). For the large scale method about 5 g of 
adults were ground in liquid N2 and then homogenised in buffer (lOmM Tris. 
HCl, pH 800, 20mM EDTA) and sarcosyl was added to a final concentration of 
2%. Cesium chloride and ethidium bromide were added to final concentrations 
of lg/ml and 600µg/ml respectively and the solutions centrifuged at 44,000 
I 
rpm for about 40h at 20°c (Type 80Ti rotor). The major genomic DNA band was 
removed with a 19 gauge syringe needle, extracted several times with NaCl 
saturated i sopropano 1 to remove the ethi di um bromide and dialysed 
' 
extensively against TE. The DNA was precipitated with NaAc/ethanol and the 
pellet redissolved to a final concentration of lmg/ml in TE at 4°C. To 
completely dissolve the DNA, brief incubations at 37° were usually 
necessary. 
For small scale DNA preparations, single heads from adults were 
homogenised (in Eppendorf tubes) i.n 100µ1 cold homogenisation buffer (0 . lM 
Tris, O.lM EDTA pH9), 100µ1 2% SOS was added and the solution incubated at 
65oc for 1 h. 8M KAc was added to a fi na 1 concentration of O. 8M and the 
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mixture incubated on ice for 30 min. After 10 min centrifugation the 
supernatant was recovered, 100µ1 isopropanol was added and the solution was 
incubated at R.T . 10 min. The DNA was pelleted by centrifuging for 10 min, 
washed twice in 70% ethanol and resuspended in 20µ1 TE. About 1-2µg DNA 
were recovered from a single head. 
2.6 DIGESTION, ELECTROPHORESIS AND BLOTTING OF DNA 
Restriction digestion of between 10 ng and lOµg of ONA was usuall y 
carried out in 10-20µ1 with the appropriate salt and buffer conditions (as 
recommended by the manufacturers), at 37°c for 1-4 hours with an excess of 
enzyme . Electrophoresis was carried out in 0.8% agarose gels in TBE or TAE. 
Samples to be electrophoresed were diluted with a 1/6 volume of 6x Loading 
buffer, incubated at 60-65°c for 2-5 min and cooled on ice before loading , 
Gels were electrophoresed at 10-lOOV at room temperature for 1-18h. 
Ethidium bromide (EtBr) was either added to the gel to a final 
concentration of 0,5µg/ml or the gel was gently agitated in a solution of 
0. 5µg/ml ethidium bromide for 15-20 min after electrophoresis . 
Transfer of ONA from agarose gels .to n1trocellulose membrane was 
carried out essentially as described by Southern (1975). , 
2 . 7 PREPARATION OF RADIOACTIVE NUCLEIC ACIDS 
2 .7 . l Nick Translation 
Double stranded ONA (p·lasmid, phage or genomic) was nick 
translated essentially as described by Rigby eL al. (1977) with the 
following modifications (K .C. Reed, pers . comm.). Approximately 200 ng of 
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DNA was incubated with 100 pg DNAase I in 1 x NTB at 14°c for 15-60 min 
(incubation time depending on the type and purity of the DNA). The 
following reagents were added and the solution adjusted to x NTB: dGTP, 
dATP and dTTP (each to 25µM) ; 25µCi [a - 32 PJ dCTP and SU DNA Polymerase I 
(holoenzyme). The solution was incubated at 14°c for a further 30 min. 
([ a ~32PJ dATP was also used in place of [a- 32PJ.dCTP with the appropriate 
changes in the unlabelled nucleotides). 
The reaction was stopped by addition of SOS to 1 % and EDTA to 
25mM, and unincorporated nucleotides were removed by NH 4Ac/ethano 1 
precipitation (40µg carrier DNA was routinely added to facilitate 
precipitation and visualisation of the pellet). The pellet was redissolved 
in a solution containing l-5mg carrier DNA, and stored at -20°c if not used 
immediately. Prior to addition to the hybridization solution the probe was 
boiled for 3 min a_!ld then quick cooled. Incorporation was usually 70~90%, 
giving probes with specific activities of approx. 108 dpm/µg DNA. 
2.7.2 Ml3 Probes 
Ml 3 probes were prepared as described for the C-track reaction 
(section 2.10) only no dideoxy nucleotides were used and the reaction was 
not chased with unlabelled nucleotides. Following the incubation at so0c, 
the DNA was ethanol precipitated using NaAc/ethanol in the presence of 
carrier DNA (500µg). Prior to addition to the hybridization solution, the 
probe was boiled for 3 min and then quick cooled. Incorporation was usually 
50%, giving probes with 2 x 107cpm/100ng template used. 
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2.7.3 Analysis of Incorporation of Label 
Incorporation of labelled nucleotides for al l met hods was assayed 
by PEI-cellulose thin~layer chromatography. 0.2µ1 of the incubat i on mix 
(both before and after incubation) was spotted onto a 7cm long sheet of 
PEI-cellulose and the sheet chromatographed in 0.75M KHl04, pH 3.5, till 
t he front was cm from the top. The sheet was then dried and 
autoradi ographed for 30 min at room temperature. Label incorporated into 
DNA remains at the origin, while that in unincorporated nucleotides moves 
j ust behind the solvent front, allowing a ready estimation of the 
efficiency of incorporation to be made. Small aliquots of the reaction 
products were also analysed in a liquid scintillation counter to determine 
t he exact level of incorporation. 
2.8 HYBRIDIZATION AND AUTORADIOGRAPHY OF DNA FILTERS 
All filters were prehybridized in plastic bags in 50 mM HEPES pH 
7 .0, 3 x SSC, 0.1 % SOS, 0.2% Fi coll, 0.2% BSA, 0.2% PVP, 1 mM EDTA, 
lOOµg/ml carrier DNA at 6o0c (high stringency) or 5o0c (low stringency) for 
16~24 h. A probe (either nick translated or Ml3) was added to the 
prehybridization mix and incubated for another 16-24 h. The filters were 
shaken throughout the prehybridization and hybridization incubations . 
Following hybridization, filters were rinsed in 2 x SSC and then 
washed twice for 30-60 min in 2xSSC / 0. 1 % SOS, 65°c (high stringency) or 
5o0c (low stringency). After rinsing in 2xSSC the filters were blotted with 
3MM paper to remove excess moisture, wrapped in Gl adwrap and exposed to 
Fuji X~ray film in cassettes with intensifying screens at -45°C from o/ n to 
16 days. 
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2.9 SUBCLONING 
A 11 subc 1 oni ng into p 1 asmi ds ut i 1 i sect the pUC series of vectors. 
The same methods were used to ligate restriction fragments into Ml3 vectors 
for sequencing~ lµg of plasmid or Ml3 DNA was digested with the appropriate 
restriction enzyme ( s), extracted successively with pheno 1, pheno 1 /IAC and 
IAC, and then precipitated with NaAc/ethanol. The pellet was redissolved in 
H2o at lOng/µ 1. 
The DNA to be subcloned was digested and sometimes simply treated 
as above ( 11 shotgun II subc l oni ng of fragments from recombinant phage into 
pl asmi ct vectors, and from phage and plasmids into Ml 3) or the required 
f ragment was purified. This was accomplished by electrophoresing digests in 
agarose gels (0 .8%), excising the appropriate band from the gel and eluting 
i t from the agarose by e 1 ectrophoresi s in TBE at 1 OOV for 1 h; the ge 1 
fr agment was contained in a small piece of dialysis tubing containing 400ul 
TBE. The DNA (which migrates into the TBE within the tubing) was then 
precipitated with NaAc/ethanol and the pellet redissolved in H20. 
For ligations, from 10- 100 ng of insert DNA and 10 ng vector DNA 
were incubated with lU T4 ligase in lxligation buffer at 14°C o/ n. Aliquots 
of ligation mix were then used to transform competent cells. 
2.10 DNA SEQUENCING 
A modification of the dideoxy of Sanger et a]. (1978) was used to 
sequence DNA fragments. 
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Putative recombinant Ml3 cl ones were checked for qua l ity and 
orientation of inserts by C-:-tracking. lµ l of red i ssolved single stranded 
t emplate (c. 100 ng) was annealed with 2.5µ1 primer mix (l.5µ1 10 x Ml3 
r eaction buffer, 1.5µ1 70mM MgC1 2, 2.5 ng 17-mer sequencing primer, 20µCi 
[a - 32 PJ dCTP in 11 µl) at ss0c for 5 min. The primer / template mix was then 
i ncubated with 2µ1 dideoxy/Klenow mix (8µ1 ddC mix, lU ONA Polymerase I 
(K lenow fragment), per 4 templates) at so0c for 15 min and then incubated 
with 1 µ 1 1 mM dNTPs ( chase mix) at so0c for 15 min. 6µ 1 of sequencing dye 
was then added, the samples boiled for 1 min, quick cooled and 3µ1 aliquots 
electrophoresed on 8% acrylamide/urea sequencing gels (acrylamide: 
bis-:-acrylamide 40:1, polymerised by addition of APS and TE MEO to 0. 1%) at 
1800V for 60-:-75 miD. Following electrophoresis the gel was transferred to 
3MM ,paper and then vacuum dried at ao0c for 20 min before exposure to Fuji 
X-:-ray fi 1 m in cassettes with out screens at room temperature o/ n. The 
C-tracks were then examined and those clones which appeared to have inserts 
were selected for full sequencing. 
2.10.2 Full Sequencing 
Full sequencing was carried out essentially as above. 3µ1 of 
t emplate was incubated with 11 µ l primer mix for 5 min at ss0c, coo 1 ed to 
R.T. and O.SU Klenow fragment added. Four aliquots of 3.2µ1 were then 
incubated with 2µ 1 of ddGTP /dGTP, ddATP /dATP, ddTTP / dATP or ddCTP mixes 
respectively (so0c for 15 min). Again lµl chase mix was added and 
incubations were continued at so0c for 15 min; 6µ1 dye was then added, the 
solutions boi 1 ed, cooled on ice and 3µ l samples loaded onto gels. Both 
40 
short ( 40cm) and 1 ong ( 80 cm) 8% sequencing ge 1 s were run, at 1800V for 
60-75 min and 2700V for 12 h respectively. Gels were dried and exposed as 
discussed above. 
2.11 COMPUTER ANALYSIS 
DNA sequences were analysed using the program "The DNA Inspector 
II " version 1.05µ by Bob Gross from Textco. 
TABLE 2. 1: CHEMICALS, REAGENTS ANO THEIR SOURCES 
Chemical or Reagent 
Agar 
Agarose 
Ammonium persulphate (APS) 
Ampicillin 
Acrylamide 
Bactotryptone 
Bovine serum albumin, V (BSA) 
5-bromo-4-chloro-3-indolyl-8-D-galactopyranoside 
(X:-gal) 
Casamino acids 
Cesium chloride 
DNA (salmon sperm) 
DNA(>.) 
DNA (gel markers) 
Deoxyribonucleoside triphosphates 
[a-32P]-dATP, [a- 32 PJ:-dCTP (1500Ci/mmol) 
[a- 32 PJ-dCTP (3000Ci/mmol) 
Di thi othreito 1 ( OTT) 
Ethidium bromide 
Ethylenediaminetetraacetic acid (EDTA) 
Fi coll 
Sourcea 
Difeo 
Pharmacia, Sigma 
Sigma 
Sigma 
BioRad 
Difeo 
Sigma, BRL 
Sigma, Boehringer 
Difeo 
Metallgesellenschaft 
Sigma 
Boehringer 
Pharmacia, NEB, Boehringer 
NEB, Pharmacia 
BRESA 
Amersham 
Calbiochem 
Sigma 
Fluka 
Pharmacia 
Table 2.1 Continued 
Formamide 
Isopropyl-a-D-thiogalactopyranoside (IPTG) 
Ml3 sequencing primer 
2-mercaptoethanol 
N,N 1 -methylene-bis-acrylamide (bis) 
Nitrocellulose BA85 (0.45µm) 
NZamine (casein amino acid hydrolysate) 
Polyethyleneimine (PEI) - cellulose 
Phenol 
Polyethylene glycol (PEG) 
Polyvinylpyrollidine (PVP) 
Sodium dodecyl sulphate (SOS) 
Tetracycline 
N,N,N 1 ,N 1 -tetramethylethylenediamine 
(TEMED) 
Trizma base 
Urea 
X-ray Film (RX) 
Yeast extract 
aAbbreviated names of manufacturers: 
BRL:Bethesda Research Laboratories 
BRESA: Biotechnology Research Enterprises S.A. 
NEB: New England Biolabs 
Fluka 
Sigma, Boehringer 
NE~, Pharmacia 
Aldrich 
BioRad 
Schleicher & Schuell 
Sigma 
Merck 
Wako 
Sigma, Koch-Light 
Sigma 
BioRad, Ajax 
Sigma 
BioRad 
Sigma 
BRL 
Fuji 
Difeo 
TABLE 2~2: ENZYMES AND THEIR SOURCES 
Enzyme Source 
Alkaline phosphatase (CIP) 
DNA Polymerase I(E .coli) - holoenzyme 
DNA Polymerase I (E.coli) - Klenow 
DNAas e 1 
Lysozyme 
Proteinase K 
Restriction endonucleases 
Ri bonuclease A 
T4 DNA ligase 
Boehringer 
Pharmacia 
Boehringer, BRESA 
Sigma, NEB 
Sigma 
Boehringer 
Pharmacia, Boehringer, NEB 
Sigma 
Pharmacia, NEB 
LE392 
C600 
JPA101 
JM83 
GENOTYPE 
F, hsdR514(rk-; mk-) supE44, supF58, 
lacYl or b(lacIZ_!)6, galK2, galT22, 
metBl, trpRSS, A 
F-,thi-1, t~r-1, leuB6, lacYl, tonA21, 
supE44, A 
b(lac, pro), thi, supE44, recA, TcR(::TnlO), ton, lambdar , 
[F'traD~ proAB+, laclq, lacZbMlS]. 
ara, A(lac-proAB), rpsl,(strA), 080, 
lacZAMlS --
J 
J 
lambdar, 
TABLE 2~3: BACTERIAL, PHAGE AND PLASMID STRAINS 
Strain Reference/ColTlllents 
(a) Bacterial Strains 
LE392 Maniatis et_a1., 1982 
C600 Maniatis eLal., 1982 
JPA101 
JM83 
(b) Bacteriophage Vectors 
;1. derivatives 
EMBL3A, EMBL4 
M13 derivatives 
mp8, mp18, mp19 
(c) Plasmid Vectors 
pUC13, pUC19 
This strain is a derivative of JMlOl and contains 
a tetracycline resistance marker. It was 
constructed by J.P. Adelman (Genentech) 
This strain is also a derivative of JM101, only 
the s-galactoside gene is constitutive and 
therefore does not require IPTG for induction. It 
was received from E-. Keshet (pers. comm.) 
Frischauf et _al., 1983 
Messing, 1983 
Vieira and Messing, 1982; Messing, 1983 
TABLE 2.4: COMMONLY USED SOLUTIONS 
(a) Media 
NZCYM: 
NZamine 
NaCl 
Casamino acids 
Bacto-yeast extract 
MgC1 2 
pH adjusted to 7.5 
LB: 
Bactotryptone 
Bacto~yeast extract 
NaCl 
2xYT: 
Bactotryptone 
Bacto~yeast extract 
NaCl 
SM: 
NaCl 
Mg 2so4 
Tris.HCl (pH 7.5) 
Gelatin 
1.0% 
0.5% 
0. 1% 
0.5% 
0.2% 
1.0% 
0.5% 
0.5% 
1.6% 
1.0% 
0. 5% 
lOOmM 
8mM 
50mM 
0.001 % 
Table 2.4 Continued 
(b) Buffers 
TE: 
Tr is.HCl (pH 7.6) 
EDTA 
NTE: 
Tr is.HCl (pH 7.6) 
EDTA 
NaCl 
20xSSC: 
NaCl 
Na citrate 
pH adjusted to 7.0 
lOx Restriction buffers: 
Tri s.HCl (pH 7.5) 
MgC1 2 
DDT 
NaCl 
lOmM 
lmM 
lOmM 
lmM 
lOOmM 
3M 
300mM 
500mM 
80mM 
lmM 
according to manufacturers 
specifications for 
different enzymes 
Table 2.4 Continued 
lxTBE: 
Tr is-borate 
Boric acid 
EDTA 
l x TAE: 
Tr is-acetate 
EDTA 
6xDNA gel loading buffer: 
Glycerol 
Bromophenol blue 
Xylene cyanol 
6x Sequencing gel loading buffer: 
Formamide 
Glycerol 
EDTA 
Bromophenol blue 
Xylene cyano l 
89mM 
89mM 
lmM 
40mM 
2mM 
30% 
0.05% 
0.05% 
90% 
9% 
5mM 
0.05% 
0.05% 
Table 2.4 Continued 
lOx Nick translation buffer: 
Tr is.HCl (pH 7.5) 
MgC1 2 
BSA 
10 x TCM (transformation 
Tris.HCl (pH 7.5) 
CaC1 2 
MgC1 2 
lOx Ligation buffer: 
Tris .HCl (pH 7.4) 
MgC1 2 
OTT 
ATP 
BSA 
Spermidine 
lOx Ml3 reaction buffer: 
500mM 
50mM 
lOOµg/ml 
buffer): 
lOOmM 
lOOmM 
lOOmM 
500mM 
lOOmM 
lOOmM 
lOmM 
lmg/ml 
lOmM 
Tris.HCl (pH 7.6) 70mM 
EDTA lmM 
2-mercaptoethanol 50mM 
Table 2.4 Continued 
(c) Other 
Carrier DNA: 
Salmon sperm DNA 
The DNA was sonicated to an average length 
of 300bp. 
ddCTP mi x: 
ddCTP 
dATP 
dGTP 
dTTP 
ddGTP mi x: 
ddGTP 
dGTP 
dATP 
dTTP 
l Omg /ml 
50µM 
lOO µM 
lOOµM 
lOOµM 
lOOµM 
lOµM 
lOOµM 
lOOµM 
Di deoxy A and T mixes made up similarly. Precise ddNTP :dNTP ratio for all 
four mixes was adjusted empirically with each batch to give the appropriate 
termination pattern i 
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CHAPTER 3 
THE ISOLATION AND CHARACTERIZATION OF THE WILD TYPE TOPAZ GENE 
3. l INTRODUCTION 
Over twenty 1 oci which affect xanthommati n production have been 
identified in D.melanogaster (Lindsley and Grell, 1968; Phillips and 
Forrest, 1980) and mutants at these loci , recognized by their obvious 
phenotypic change in eye colour, were isolated and mapped both genetically 
and cytogenetically. However, our biochemical understanding of the defects 
i n these mutants is st i 11 very i ncomp 1 ete as the gene products of most of 
t hem (including white and scarlet) have not yet been identified. As a 
result, conventionat cloning approaches such as antibody screening or the 
use ·of oligonucleotide probes, which require information about the protein, 
are not applicable. In addition, the ommochrome biosynthetic pathway is a 
minor one, operating in only a limited number of cells in the whole 
organism; even those genes that code for known enzymes of the pathway are 
likely to be expressed at very low levels, so cloning methods based on 
differential hybridization have been unsuccessful (Evans 1981; R.G. Tearle, 
pers. comm.). At the present ti me, three genes involved in the brown 
pigment pathway have been cloned: these are white, vermilion and scarlet; 
it is relevant to consider the cloning strategies adopted in their 
i solation. 
The white gene was cloned by three independent groups using 
genetic approaches. All three made use in their cloning strategy of the 
observation that the white-apricot (wa) mutation is associated with an 
insertion of the transposable element copia in the white gene region 
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(Gehr ing and Paro, 1980). Bingham et al . (1981) screened a genomic library 
made from wa DNA with a probe made from copi a sequences and tested the 
chromosomal locations of the positive clones by in .. situ hybridization to 
D.simulans polytene chromosomes. (D.simulans, a sibling species of 
D.melanogaster, shares the same linkage groups and has similar polytene 
chromosomes, but has a much l mver copy number of copi a sequences). A 
recombinant phage hybridizing to region 3C on the X chromosome, which is 
the cytogenetically mapped location of white, was isolated and the regions 
corresponding to the white gene identified by the position of the copi a 
i nsertion. (It was assumed that the insertion was within the gene itself, 
causing the mutation by disrupting gene function - an assumption which 
l ater proved to be correct). Goldberg et al . ( 1982) "walked" along a large 
transposable element (TE) known genetically to carry the white locus . They 
defined the white - locus first by locating genetically mapped white 
r earrangement breakpoints in their clones and then by using fragments from 
t he breakpoint region to study DNA from strains carrying the ~a allele for 
t he location of the copia insertion. Pirrotta et al. (1983) microdissected 
t he chromosomal bands corresponding to 3C of a wa mutant, made a 
mini-library from the DNA isolated from this region, and identified clones 
carrying white by the presence of copia insertion . 
A second gene involved in the brown pigment pathway, vermilion, 
which codes for the enzyme tryptophan oxygenase, was cloned by two 
different approaches. vJalker et al. (1986a) used an approach based on the 
availability of a cloned rat tryptophan oxygenase gene. The rat tryptophan 
oxygenase cDNA clone was used as a probe to screen a D.melanogaster genomic 
DNA library. Positively~hybridizing clones were then confirmed to carry the 
vermilion gene by in situ hybridization and by Southern and Northern blot 
analysis, using DNA and RNA from wild type and various vermilion mutant 
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strains . Searles and Voelker (1986) used a genetic approach for the clon i ng 
of vermilion. In a P-element mutagenesis experiment a vermilion mutation 
was induced. Genomic DNA 1 i brari es were made from DNA of flies carryi ng 
t his mutation, and screened \vi th a probe made from P:-e 1 ement sequences. 
Positively-hybridizing clones were sorted by in situ hybridization, \vith 
t he ones hybridizing to band lOAl-2 (the cytological location of vermilion ) 
being studied further by Southern and Northern blot analysis. 
The c 1 oni ng of the third gene of the brown pigment pathway, 
scarlet, (Tearle et al., manuscript in preparation; Tearle, 1986 ) depended 
on genetic studies and was in fact a preliminary step of a strategy aimed 
at cloning the gene transformer, which maps close to scarlet. Since the 
work has not yet been published and the scarlet clone served as the basis 
fo r the work described in this thesis, the cloning strategy wi 11 be 
described in detail. 
The isolation of the scarlet gene involved firstly an X-ray 
mutagenesis experiment designed to induce and recover new scarlet mutants. 
X-ray irradiated males were mated to females carrying a deletion of the 
scar]et region. Progeny flies with the bright red eye colour characteristic 
of scarlet were selected and their progeny examined for chromosomal 
r earrangements involving the 73A region, the mapped location of scar l et, 
and re-tested for complementation with two other scarlet alleles. One 
scarlet inversion was found to break within both the scarlet and the rosy 
gene regions. By using cloned fragments from the rosy region (Bender et 
~-, 1983) to probe Southern blots of genomic DNA prepared from the 
i nversion and parental strain, the exact position of the breakpoint was 
i dentified, providing a probe to enter the scarlet region via the 
inversion. This probe was used to screen a genomic DNA 1 i brary prepared 
from the inversion stock, and phage containing the rearrangement region 
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were isolated. The DNA fragments in these phage that did not contain known 
rosy region sequences were assumed to come from the scarlet region. They 
were used to probe a wild type genomic library, and phage containing the 
scarlet region were recovered. (This was verified by in situ hybridization 
t o polytene chromosomes). The restriction map of the scarlet region is 
shown in Figure 3. l. The inversion breakpoint occured within the 0.8 
BamHl/HindIII fragment (map coordinates -0.8 to 0.0) indicating that it is 
probably part of the scarlet gene itself. This has been confirmed by 
Southern and Northern blot analysis of DNA from wild type and mutants and 
by DNA sequencing (Tearle 1986; and see Chapter 4). 
As outlined in the introduction (Section l .6) the biochemical 
studies of Summers and Howells (1978, 1980) suggested that the white, topaz 
and yellowish genes of L.cuprina are homologous to the white, scarlet and 
vermilion genes, re_spectively, of D.melanogaster. The white gene from 
L.cuprina has been cloned on the basis of its homology to sequences in the 
white gene of D.melanogaster (A.J. Howells, pers. comm.). The simplest and 
most readily applicable strategy for the cloning of topaz and yellowish 
would be to test whether sequences from the cloned scarlet and vermilion 
genes could be used as probes to detect sequences of their homologous genes 
i n L.cuprina. This chapter describes these experiments. 
3.2 RESULTS 
3.2. 1 The isolation of clones carrying the topaz gene 
The initial step towards the isolation of the topaz gene was to 
examine the homology, at the DNA level, between the cloned scarlet region 
and sequences in the L. cupri na genome. At the ti me that this work was 
FIGURE 3. l 
-8 
E 
Restriction map of the scarlet gene region. 
Restriction sites are: E, EcoRl; H, HindIII; P, PstI; Xh, 
XhoI; B, BamHl. 
The major subclones used in this work are also shown. 
L~ Position of the inversion breakpoint. 
-6 
H p 
I 
-4 
pstEH2.5 
p 
-2 0 
Xh PXh B H 
Ill~ 
E 
pstH4.8 
2 kb 
pstHE 1.4 
pstP1.5 
pstPX0.9 
pstX0.4 
pstXB0.9 
- pstBH0.8 
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carried out there was no information regarding the location of the scarlet 
coding sequences within the cloned scarlet region. It was expected that if 
scarlet and topaz did share common sequences, they would be coding 
sequences; therefore it was seen as being a matter of "walking" through the 
scarlet region to test for homology. As a starting point, a subclone which 
carries the 4.8 kb HindIII fragment, pstH4.8 (Figure 3. l, -4.8 to 0.0), was 
used to probe a Southern b 1 ot of genomic DNA from the SvJT strain of 
L.cuprina (Figure 3.2). This subclone was chosen as it contains the 
breakpoint in the inversion strain used in the cloning of the scarlet 
region (which has a st phenotype); therefore it seemed likely that it 
would contain coding sequences. About half the amount of DNA was loaded in 
t he D.melanogaster lane compared to the L.cuprina lane (Figure 3.2a), 
however the hybridization signal with the D.me]anogaster DNA was 
approximately 5~fold greater than that with L.cuprina DNA where two bands 
can . be seen (Figure 3.2b), (and in longer exposures additional hybridizing 
bands are observed, data not shown). In spite of the weakness of the 
hybridization signal to L.cuprina DNA it was clear that subclone pstH4.8 
could be used as a probe to isolate L.cuprina clones carrying homologous 
sequences, and that there was no need for further "wa 1 king" through the 
scarlet region. The presence of multiple bands in the L.cuprina lane will 
be discussed later in this Chapter. 
Two L.cuprina genomic DNA libraries were screened using subclone 
pstH4.8 as a probe. One library was prepared from DNA isolated from the LBB 
strain (by Mrs. A. Vacek) and the other from the sin strain (by Dr. A.J. 
Howells and myself) . The origins of the strains will be described in 
Section 3.3. About 80,000 recombinant phage from each library were 
screened, which is estimated to be at least 2 genome-equivalents per 
FIGURE 3 .2 Hybridization of sequenc~s from the scarlet gene of 
D.melanogaster to genomic DNA of L.cuprioa. 
(a) EtBr-stained gel of genomic DNA from L.cuprioa (lane 
l) and D.rnelanogaster (lane 2) both digested with the 
restriction enzyme Hindlll. 
Marker DNA: Lambda DNA digested with Hindlll (to be 
refered to as A/Hindlll). 
(b) Autoradiogram of a Southern blot of gel (a), probed 
with subclone pstH4.8. 
(a) 
L-
Q) 
~ 
L-
1,;:l 
(Nick-translated probe; low stringency hybridization). 
(b) 
kb E 1 1 2 kb 
23.3-
9.6-
6.6-
4.3-
2.2-
2.0-
0.56-
- - -4.8 
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* l ibrary Much variation was observed in the plaque size of the initial 
l ibrary platings; some plaques were large while others were so small 
(pin-prick size) that they were nearly invisible. This variation was 
particularly noticeable \vhen compared to the relative uniformity in the 
pl aque size of a D.rnelaaogaster genomic DNA library prepared in the same 
cloning vector .. A possible explanation for this will be presented later. 
Altogether seven positive clones were obtained from these 
screenings of the libraries. They were rescreened through three rounds of 
pl aque purification. All seven "positive" clones had very small plaque 
size. Being slow growers meant that these phage tended to be 
under-represented relative to other phage during the rounds of plaque 
purification. Once purified, phage from each clone were amplified and their 
DNA prepared. 
The follow..ing work is aimed at showing that these A clones, 
selected on the basis of their homology to sequences from the scarlet 
region, do indeed carry the topaz gene. For simplicity I will refer to them 
as "the topaz clones" rather than "the putative topaz clones". 
3,-12.2 Characterization of the topaz clones 
Restriction maps 
The restriction maps of the topaz clones were established by 
digesting their DNA with a number of restriction enzymes, running the cut 
* Preliminary Ct analysis of L.cupriaa DNA indicates that it has a haploid 
0 
genome size approximately 4 times that of D.rne1aaogaster, i.e., about 
680,000 kb. The size of the L.cuprina DNA inserts in the recombinant 
phage is in the range of 14-20 kb . 
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DNA on an agarose gel and analysing the sizes of the fragments obtained; 
t he maps are given in Figure 3.3. Six of the seven clones overlap each 
other almost perfectly. There is one fragment in At ol that is sli ghtly 
shorter than its equivalent fragment in the other phage (a 2.8 kb EcoRl 
Hind III fragment (-3~6 to -0.8) that is 3.2 kb in the other clones). One 
phage, >.. tol2, has a restriction map that in part overlaps the other maps 
but in part is different. The nature of the changes in >.. to 12 wi 11 be 
considered in the Discussion. 
Homology to the scarlet region 
The regions of sequence homology between the scarlet and topaz 
clones were determined by hybridizing restriction fragments from the 
scarlet region to So~thern blots of cloned topaz DNA, after digestion with 
various restriction enzymes (e.g. Figure 3.4a). A composite diagram of the 
regions of shared homology between scarlet and topaz is shown in Figure 
3. 4b. 
The homology between scarlet and topaz is co-linear, and covers a 
region of 6.2 kb in scarlet (co-ordinates -4.8 to 1 .4) and 6.3 kb in topaz 
(70 ~8 to 5.1). When fragments to the left of HindIII (-4.8) or to the right 
of EcoR 1 ( 1 . 4) of scar 1 et v1ere used as probes, no homo 1 ogy to the topaz 
clones could be detected even with lower hybridization stringency (3xSSC at 
so0c) and long exposures of the film~ 
Organization in the genome 
The genomic organization of cloned DNA sequences can be studied by 
hybri di zing these sequences to Southern b 1 ots of the genomic DNA. When 
FIGURE 3 . 3 Restriction maps of the topaz clones . 
Clones \ to51, \to52 and \ tol2 were isolated from 
the LBB library . The rest were isolated from the 
SWT library. All clones are carried in the vector 
EMBL3A; the Sall sites, (S) at the ends of all 
inserts come from the poly~linker of the vector . 
Restriction enzymes used: E, EcoRl; H, HindIII; 
B, BamHl; S, Sall; X, Xbal (Xbal sites were 
determined only for the +2.4 to +7 .8 region in 
c 1 one Ato8) . 
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FIGURE 3.4 Homology between scar1et sequences and the topaz 
clones. 
(a) Southern blot analysis (example) 
Left: EtBr stained gel. DNA from Ato51 
digested with the following enzymes S, Sall; 
S/B, Sal I+BamHl. S/ E, Sal I+EcoRl; S/H , 
Sal I+HindIII. 
Marker - A/H indIII. 
Right: Autoradi ogram of a Southern blot of 
this gel probed with subclone pstH4.8. 
(N ick translated probe; low stringency 
hybridization). 
(b) The regions of homology between scarlet and 
topaz. 
- 1 2 
(a) 
(b) 
· 1 2 · 10 ·8 
E Xh l 
r SHH H 8 
... 
Q) 
..:.t. 
... 
(,j 
S S/B S/E S/H E 
·6 · 4 ·2 0 
H p P XhP Xh 8 H 
-
kb 
-5.0 
-2.7 
-0.9 
2 4 6 8 10 12 kb 
E 
B H 
48 
who 1 e phage DNA of A to5 l was used to probe restricted genomic. DNA from the 
SWT strain for such a study, the result was a black smear of hybridization 
to a continuous range of fragment sizes (Fi gure 3.5 ) . This result points to 
the presence of sequences in this clone that are highly repeated, in a 
dispersed fashion, throughout the L. cuprina genome and hence occur in a 
whole range of restriction fragment size classes. To establish the location 
of repeated sequences within the topaz clones, so that fragments carrying 
unique topaz sequences without repeats could be identified for use as 
probes, total L_cuprioa genomic DNA was 32P-labelled by nick translation 
and used to probe a Southern blot of phage Ato6 DNA digested with various 
restriction enzymes (Figure 3.6a). In this type of experiment only 
sequences that are repeated in the genome are present in the probe in 
concentrations high enough to produce a hybridization signal. A number of 
restriction fragments gave hybridization signals and the locations of the 
putative repeated sequences within clone Ato6 are shown in Figure 3.6b. The 
relatively strong hybridization of the 3.2 kb EcoRl /H ind III fragment 
(-4.0 to -0.8) and restriction fragments which contain it, indicates that 
hi ghly repeated sequences are present in this region; in contrast the 
si gnal obtained with the 5.5 kb BamHl fragment (2.2 to 7.7) is much weaker 
suggesting the presence of les~ highly repeated sequences, or only a small 
component of a highly repeated sequence. Fragments from the region between 
(:- 0.8 to 2.1) gave no signal and were assumed to contain unique sequence 
DNA. 
3 .-2. 3 Further characterization of the topaz A-clones: subcloning 
The presence of repeated sequences within the topaz A clones meant 
that before any further analysis of the region homologous to scarlet, or of 
FIGURE 3.5 Hybridization of DNA from Ato51 t o genomi c DNA 
from SWT . 
(a) EtBr stained gel. Genomic DNA digested with 
HindIII (Lane 1) and HaeIII (Lane 2). 
(b) Autoradiogram of a Southern blot of gel (a) 
probed with clone Ato51. 
1 
(Nick-translated probe; high stringency 
hybridization). 
(a) (b) 
2 1 2 
FIGURE 3 .6 The location of repeated DNA sequences within the 
topaz region . 
(a) Southern blot analysis 
Left: Et Br stained gel . ONA from A to6 
digested with the following restriction 
enzymes (left to right): S, Sall; S/B, 
Sal l+BamHI; B, BamHI; S/E, Sal I+EcoRI; E, 
EcoRI; E/B, EcoRI+BamHI; S/H, Sall+Hindlll; 
H, Hindlll; H/B, HindIII+BamHI; H/E, 
Hindlll+EcoRI. 
Marker - A/H indlll. 
Right: Autoradi ogram of a Southern blot of 
this gel probed with total genomic DNA from 
SWT. 
(Nick-translated probe; high stringency 
hybridization). 
(b) Positions of repeats within the Ato6 clone. 
s=,_§ position of highly repeated sequences 
~
1;1;1;1; position of moderately repeated 
I I I I 
sequences (putative) 
The solid line above the map indicates 
region of homology to scarlet sequences. 
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the repeated sequences themselves could be done, the DNA of the topaz 
). -clones needed to be sub-cloned into a plasmid vector. Fragments from 
phages Ato5l, Ato6 and Ato8 were subcloned into the vector pUCl3 as shown 
in Figure 3-.7. 
\~hen the various subclones were used to probe Southern blots of 
SvJT genomic DNA, the locations of the repeated sequence DNA ( as deduced 
from the previous experiment - Figure 3. 6b) were confirmed. Subc l ones 
containing highly repeated sequences, for example ptoEH3.2 (-4.0 to -0 .8), 
gave smears of hybridization similar to that shown in Figure 3.5 (data not 
shown). Two subclones were found to contain moderately repeated sequences. 
\~hen subc lone ptoBX l . 2 ( 2. l to 3. 3) was used as the probe, a few hundred 
bands of hybridization were obtained (Figure 3 . 8a), indicating that it 
contains a sequence which is repeated at least hundreds of times in the 
genome. Similarly, subclone ptoXl .3 (3 .3 to 4.6) contains a sequence 
repeated about 20 ti mes in the genome (Figure 3. 8b) . It should be noted 
that whereas the EcoRl/Hind III (-4.0 to -0.8) fragment that contains the 
highly repeated sequences shows no homology to scarlet sequences (Figure 
3~4), one of the fragments containing moderately repeated DNA, the 1.2 kb 
BamHl/Xbal (2. l to 3.3) does show homology to a region of scarlet. 
3.2.A Polymorphism in SWT populations 
Subc lone ptoHS2. 7 (Figure 3. 7) carries the largest fragment ( 2. 7 
kb) that showed homology to scarlet DNA but which contained no repeated 
sequences. It was therefore chosen for studies on the genomic organization 
of the topaz sequences. It was used to probe a genomic blot of SWT DNA 
digested with the restriction enzyme HindIII (Figure 3.9). From the 
restriction maps of the topaz clones it was predicted that an 11 kb HindIII 
FIGURE 3.7 The subc l oni ng of fragments from the topaz >.. 
clones. 
The restriction maps of clones >.. to51, Ho6 and 
>.. t o8 . Under li ned are the fragments from each that 
have been subc l oned into the vector pUC 13. The 
subc l ones have been designated according to the 
restriction sites by which they were generated 
and their size in kb . 
Restriction enzymes used S, Sal I ; E, EcoRI; B, 
BamHI; H, HindIII; X, XbaI. 
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FIGURE 3.8 Repeated sequences within the topaz clones. 
Hybridization of DNA from subclones of the topaz 
region to Southern blots of genomic DNA from SWT . 
(a) Autoradiogram of a Southern blot of SWT DNA 
digested with the restriction enzymes EcoRl 
and XbaI and probed with subclone ptoB/Xl .2. 
(b) Autoradiogram of a Southern blot of SWT DNA 
digested with the restriction enzyme XbaI 
and probed with subclone ptoXl .3. 
(Ml3 probes; high stringency hybridization). 
Bottom: Restriction map of clone >..to8. 
Positions of subclones used are indicated by 
dotted 1 i nes. Regions of homo 1 ogy with 
scarlet sequences are indicated by solid 
1 i ne. · 
( s) E H 
I 
(a) (b) 
-1.3kb 
E B X 
........ 
X X B (S) 
Ato8 
FIGURE 3.9 Genomic organization of unique topaz sequences . 
Hybridization of subclone ptoHS2.7 to a Southern 
blot of genomic DNA from SWT. 
(a) Left: EtBr stained gel of SWT DNA digested 
with the restriction enzyme HindIII. 
Right: Autoradi ogram of a Southern blot of 
this gel probed with subclone ptoHS2.7. 
(Nick~translated probe; high stringency 
hybridization). 
(b) Restriction map of clone Ato s1. The position 
of the sequences used as a probe in ( a) are 
indicated by the dott ed l i ne. 
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fragment would be produced. Hybridization to a fragment of this size can be 
seen, but in addition other hybridizing fragments, of a smaller size and 
somewhat 1 ower intensity than the 11 kb band, are present. There are a 
number of possible explanations for the presence of multiple hybridization 
bands on the genomic Southern blot: (1) the probe, ptoHS2.7 could contain a 
sequence repeated a few ti mes at different sites in the genome; ( 2) topaz 
could belong to a multigene family; (3) there could be topaz pseudo-genes; 
(4) there could be restriction site and/or restriction fragment length 
polymorphism in the SWT DNA. 
To distinguish between these possibilities DNA was prepared 
individually from single heads of SWT adults. The DNA was used for Southern 
blots that were probed with ptoHS2.7. If the multiple bands are the result 
of possibilities 1, 2 or 3, the pattern observed by probing single heads 
should be i denti ca 1 to that observed when probing DNA prepared from a 
pop~lation of flies. If the multiple bands are a result of sequence 
polymorphism within the SWT population, DNA from each individual should 
contain either one ( homo zygote) or two ( heterozygote) of the polymorphic 
alleles . The result (Figure 3.10a) shows that polymorphism within the SWT 
population is in fact the explanation for the multiple bands. Each head DNA 
has a different hybri di zati on pattern, some that are not even seen as a 
major band in the DNA preparation made from the population of SWT flies . In 
this experiment, the flies used for the single head DNA preparations and 
the flies used for the 1 arge sea 1 e DNA preparation were derived from the 
same batch (collected at one time during 1983 from one cage and stored 
frozen). 
A similar experiment was repeated about 1 year later, using SWT 
DNA that was collected on two different occasions. One collection (1984) 
was used to prepare DNA on a large scale, while the other (1985) was used 
FIGURE 3.10 DNA polymorphisms in SWT populations. 
Hybridization of sequences from the topaz region 
to Southern blots of genomic DNA from SWT. 
(a) Left: Et Br stained gel of SWT DNA prepared 
from single heads (lanes 1,2,3,4) or 
prepared on a large seal e (lane 5) digested 
with the restriction enzyme HindIII . 
Right A diagram of an autoradiogram of a southern 
blot of this gel probed with subclone ptoHS2.7 
(b) EtBr stained gel of SWT DNA prepared from 
single heads (lanes l,2,3,5,6,7,8) or 
prepared on a large scale (lane 4), digested 
with the restriction enzyme HindIII. 
Right: Autoradi ogram of a Southern blot of 
this gel probed with subclone ptoHEl .8. 
(Ml3 probe; high stringency hybridization). 
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for the single head DNA preparation (Figure 3. 10b). Although four major 
hybridizing polymorphic forms can be observed in the large scale DNA 
preparations ( as 's~en in the previous experiment :- Figure 3. 1 Oa), the 
distribution of signal intensities between these forms is different, 
suggesting that the different polymorphic forms ar·e present in different 
frequencies in the SWT samples. The DNA prepared from the single heads 
shows yet another, different, di stri buti on of polymorphic forms (Figure 
3.lOb). Only two polymorphic alleles can be seen in the seven individuals 
sampled, one of which has an additional HindIII site within the region 
homo l OQOUS to the probe sequences, producing two bands on the 
autoradiogram, each with half the intensity of hybridization of the other 
polymorphic form. 
The questions of ( i) why different di stri buti ons of polymorphic 
-
forms are found in different samples from the SWT population and (ii) why 
most of the isolated x:-clones carrying the topaz region belong to only one 
polymorphic form, will be considered further in the Discussion. 
3.2.5 Yellowish 
Preliminary work aimed at cloning the yellowisb gene used 
essentially the same approach already applied in the cloning of topaz and 
\'Jbite. Again, as in the case of scarlet, at the time this, work was carried 
out, there was only limited information available with regard to the 
boundaries of the vermil i oa gene within the genomic c 1 one it was carried 
in; information about the vermilion x-clone is presented in Figure 3. lla. 
Southern blots of genomic L.cupriaa DNA probed with pvEl or pvE2, 
the two fragments which show homology to the rat tryptophan oxygenase cDNA 
sequences (see Section 3.1), showed no hybridization signal. In a similar 
FIGURE 3. 11 Restriction maps of the \lermilion and putative 
yellowish clones and their regions of shared 
homology . 
(a ) The vermilion A-clone, w DTl (from Walker et 
~ - , 1986a). Regions of homology to the rat 
tryptophan oxygenase cDNA cl ones ( pto l and 
pto2), and sub-cl ones derived from the 
A-clone are marked. 
(b) The putative yel1owisb clones. Regions of 
homology to fragments from the \lermilion 
clone are marked 
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(clones Aye2 and Aye6 are contained within 
the sequences carried in cl ones Aye4 and 
Aye5 and therefore their restriction maps 
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Restriction enzymes used: S, Sal I; E, EcoRI; 
B,BamHI; H, Hind! ! !; Xh, Xhol. 
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experiment using a subclone carrying D.melanogaster white gene sequences as 
a probe, no signal could be detected either but the same probe was used 
successfully to identify A genomic clones carrying the L.cuprina wbite gene 
(A.J~ Howells, pers ~ comm.); Therefore inserts from pvEl and pvE2 were used 
as a mixed probe to screen 80,000 plaques from the SWT genomic DNA library. 
Four weakly hybridizing recombinant phage were isolated (Aye2,4,5 and 6), 
purified and their DNA prepared. The restriction maps of the phage DNA were 
established (Figure 3. 11 b) . In order to examine the extent of sequence 
homology between the vermilion gene region and the putative yellowisb 
clones, four subclones from the vermilion clone were used as probes; pvES2, 
pvEl, pvE2 and pvES3.5. The subclones pvES2 and pvEl hybridized to the same 
region on the Aye clones, suggesting that the ES2 as well as the El 
fragment might contain part of the vermilion gene . However subc lone pvE2 
gave no hybridization at all, a puzzling observation since it definitely 
contains part of the vermilion gene, as judged by its homology to the rat 
cDNA clone. It might be expected that if sequence homology in the gene was 
maintained between the rat and D_rnelanogaster it would also be maintained 
between D.melanogaster and L_cuprina. Subclone pvES3~5 hybridized to 
sequences in a number of locations along the Aye clones. When this subclone 
was used to probe a Southern blot of SWT genomic DNA, it hybridized to a 
smear of fragments showing that it contains sequences which are moderately 
repeated in the genome and are probably unrelated to the .}lel1owisb gene 
(data not shown). 
Following the determination of the structure of the vermilion gene 
(Figure 3.12) by Sl mapping, sequencing of a vermilion genomic clone (l.L. 
Searles, pers. comm-. ) and sequencing of a vermilion cDNA clone (J. Pagan 
and A.J ~ Howells, unpublished), the nature of the sequences in the Aye 
FIGURE 3 , 12 
s' 
The structure of the vermilion gene. 
The positions of the exons and intrans in the vermilion 
gene (L.L. Searles; J. Pagan pers. comm . ) . The exons are 
marked by the solid blocks and the intrans by the gaps 
between them. 
Restriction enzymes used: E, EcoRl; B, BamHl; Xh, XhoI. 
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* clones was re-examined in OU( laboratory. Dr Pagan used the vermilioa cDNA 
clone to probe Southern blots of DNA from the Aye clones, SWT genomic DNA 
and the SWT genomic library. The results showed (i) that the Aye clones do 
not share any sequence homology with the vermilioa cDNA clone; (ii) that a 
clear band of hybridization can be detected in the Southern blots of the 
L.cupriaa genomic DNA with the cDNA probe and (iii) that no positively 
hybridizing phage were found in the genomic library screen (80,000 plaques 
were probed). The interpretation of these results will be presented in the 
following Discussion. 
3.3 DISCUSSION 
The isolation and characterization of genes from one species, 
using as a probe c 1 oned sequences derived from the equivalent genes in 
another species, has been successful in a wide variety of cases (e.g .. the 
rudimentary locus from D.melanogaster was isolated on the basis of sequence 
homology with cloned sequences from the Chinese hamster, Segraves et _al., 
1983; the a and 8 tubulin genes from D.melaaogaster were isolated on the 
basis of their homology to cloned chicken tubulin sequences, Sanchez et 
~ - , 1984; the vermilioa gene from D.melaaogaster was isolated on the basis 
of its homology to cloned rat tryptophan oxygenase sequences, Walker et 
al., 1986; the human rhodopsin gene was isolated on the basis of its 
homology to cloned bovine rhodopsin sequences, Nathans et _al ., 1986). The 
* The experiments performed by Dr Pagan (involving the vermilion cDNA and 
the Aye clones) were done during a short period in which I introduced her 
to techniques of molecular biology. 
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success of this approach probably depends on the evo 1 ut i onary di stance 
between the two species as well as on the nature of the gene in question. 
In the case of L.cuprioa, the wbite eye colour gene has been 
isolated on the basis of its homology to the cloned wbite gene from 
D.melaoogaster (A.J. Howells, pers. comm.), and in this Chapter the 
isolation of the topaz gene on the basis of its homology to the 
corresponding scarlet eye colour gene has been described. However it is 
clear that for the isolation of the yellowish gene this strategy has failed 
so far. 
3 . 3. 1 Topaz 
The evidence that indeed the topaz gene has been isolated is based 
-
on the observed co-1 i neari ty of sequence homo 1 ogy between fragments from 
scarlet and topaz (Figure 3.4). The probability of obtaining such a pattern 
of homo 1 ogy between unre 1 ated genes or sequences by chance must be very 
low. 
By using sma 11 er fragments from the scarlet and topaz genes as 
hybridization probes, a fine scale analysis of the exact regions of shared 
homology could be determined. There are however a number of questions 
concerning the interpretation of the observed homologies which 
hybridization studies of this sort could not resolve. (i) Do the regions of 
homology shared between the two genes in effect define the gene boundaries 
or do they only correspond to parts of the genes which code for areas of a 
highly conserved function in the protein (such as substrate binding sites 
or regions which interact with other proteins or membranes), while the rest 
of the coding region has di verged considerably? (ii) Do the regions of 
shared homo 1 ogy represent two ( or more) genes adjacent in D .me l aoogaster 
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and L.cuprina? This interpretation is raised by the gap in sequence 
homology along the topaz clone (the 2.1 to 3.3 region), and the presence of 
repeated sequences in that very same region (Figures 3.6 and 3.8). To 
answer these questions, as well as to define the precise exon / intron 
structure of the two genes, detailed nucleotide sequencing of the topaz and 
scarlet genes was undertaken and will be described in the next Chapter. 
3.3,., 2 Repeated DNA sequences 
Evidence for the presence of repeated DNA sequences within a 
number of fragments along the topaz region has been obtained (Figure 3.6). 
Work done on two other L.cuprina genes, wbite (A.J. Howells, pers. comm.) 
and the cuticle protein genes (Skelly, 1985) has also demonstrated the 
existence of dispersed repeated sequences, suggesting that they are a 
gen~ral feature of genomic organization in this species. In the case of 
topaz, the largest DNA fragment shown to be composed entirely of unique DNA 
is only 2.9 kb long (~0.8 to +2. 1). It therefore appears that the L.cuprina 
genome is organized in a fashion typical of higher eukaryotes where short 
segments of unique DNA are interspersed with repeated sequence elements, in 
what is commonly ref erred to as short periodicity interspersion (Davidson 
et_al., 1973; Jelinek and Schmid, 1982). This forms an intriguing contrast 
to the long periodicity interspersion pattern characteristic of 
D.rnelanogaster (Crain et_al ., 1976a,b; and see Introduction) particularly 
in light of the similarities between the two species, such as the 
conservation of genetic linkage groups and the biochemistry of OITlmochrome 
synthesis . 
The work described in this Chapter clearly demonstrates the 
presence of repeated DNA sequences in the topaz gene region and suggests 
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they are relatively short. Detailed information about their structure and 
relationship to topaz coding sequences can only be obtained by DNA 
sequencing, as will be described in Chapters 4 and 6. 
3.3.3 Polymorphism 
It is clear from the Southern blot analysis of L.cupriaa genomic 
DNA that consi derab 1 e restriction site and/or restriction fragment 1 ength 
polymorphism exists in the laboratory wild type lines of L.cupriaa. DNA 
polymorphisms in wild type populations have been described in other species 
(e .g. Orkin et_al . , 1982; Johns et_al., 1983; Kreitman, 1983; Estelle and 
Hodgetts, 1984), however the high 1 eve 1 of polymorphism present within the 
SWT 1 i nes and, more so, the apparent difference in frequencies of the 
various topaz alleles found in DNA preparations made from different batches 
of flies requires further comment. 
The SWT ( standard wi 1 d type) 1 i ne was generated by Dr G. Foster 
about fifteen years ago with the intention of establishing isogenic lines. 
Since under 1 aboratory conditions L_cupriaa has a 3 week 1 ife cycle, 3 
population cages, each with about 1000 flies from an LBB \vild type line 
(which was collected in the field around 1950 by Dr L. Barton-Brown) were 
set up. Each week the flies from one cage would reach maturity and about 30 
laying females would be kept to start the next generation. Although the SWT 
1 i nes are regarded as one 1 i ne, however, because of the way they are 
maintained they have almost become three independent lines :- almost, but 
not strictly so, since in practice if one line died or weakened it would be 
supplemented by flies from the other two lines, but no records were kept of 
such events. An attempt to i so 1 ate i sogeni c 1 i nes by brother-sister pair 
matings was abandoned because fertility declined rapidly, despite selection 
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in each generation of mating resulting in progeny that exhibited higher 
than 80% egg to adult survival .. This result indicates high levels of 
recessive lethals in the population (Foster and Whitten, unpublished) . 
When the above hi story of the S\H 1 i nes became apparent (it had 
been assumed early in the project that SWT was a single line), it seemed 
plausible that perhaps each of the DNA preparations which showed variation 
in frequencies of the different topaz a 11 el es had been made from flies 
originating from a different SWT line. To study this possibility, flies 
were collected from the three lines over a three week period (during 1986 ) , 
their DNA prepared and used in a Southern blot analysis (Figure 3~13). The 
three 1986 SWT DNA samples appear identical and show virtually no 
polymorphism. They have only one of the major alleles seen in the 1983 SWT 
sample (which is the same DNA used for the preparation of the SWT genomic 
library) -. The resuH, which shows there is reduced polymorphism at the 
topaz locus in the current SWT populations, was quite surprising 
(particularly in light of some of the sequencing data that will be 
presented in Chapter 6) and suggests that at least one of the SWT lines 
might have gone through a "genetic bottle:-neck" (and been replaced by flies 
from the other line/s) during the past three years. It would be interesting 
to compare DNA preparations from the LBB lines (which are al so kept in 
three population cages) to see if differences in topaz alleles frequency 
can be detected there ~ 
It has been noticed, that although both the LBB and SWT DNA used 
i n preparation of the L_cuprina genomic libraries were polymorphic at the 
topaz gene region (see Figure 3~13 for SWT, data not shown for LBB), little 
polymorphism within the putative coding region could be detected in the 
topaz A-clones. Clone Ato52 can account for the 11 kb Hind III allele 
(Figure 3 . 9) but apart from A to5 l ( for which our kn owl edge is incomplete 
FIGURE 3 . 13 Changes in the level of DNA Polymorphism in SWT 
populations. 
(a) EtBr stained gel of SWT DNA, prepared from 
flies ori gi nati ng from the three separate 
lines in 1986 and from one line in 1983 
(lanes 4 and 8), digested with the 
restriction enzyme HindIII (lanes 1-4) and 
EcoRI (lanes 5-8). Marker - A/HindIII. 
(b) Autoradiogram of a Southern blot of gel (a); 
lanes 1~4 were probed with subclone ptoES0.9 
(left) and lanes 4-8 with subclone ptoHEl.8 
(right). 
(Ml3 probes; high stringency hybridization). 
(cl) 
1 2 3 4 
(b) 1 2 3 4 
kb 
11-
... 
Q) 
.:,t. 
... 
ro 5 6 7 8 E 
5 6 7 8 
kb 
-5 
58 
because it does not extend much beyond the HindIII site at position -0.8 
(Figure 3.3)), none of the other Ato phage can account for the smaller Hind 
III alleles seen on the blot. The shorter HindIII/EcoRl fragment in Hal 
(-3.6 to -:-0.8) can be attributed to restriction fragment length 
polymorphism which is perhaps associated with the presence of repeated 
sequences within this fragment, while the additional EcoRl (-3.0), BamHl 
(-:-1 .9) and Sall (+4.9) sites in Atol2 can be attributed to restriction site 
polymorphism. It is not clear why none of the other major polymorphic forms 
appear to have been cloned. The most likely explanation is that a 
difference in their repeated sequence DNA component makes them unfavourable 
for cloning. Further discussion on these matters wi 11 be presented in 
Chapter 6. 
3.3.4 'f e 11 owi s b _ 
The failure to clone the yellowisb gene using sequences from the 
vermilion genomic clone or from the vermjlion cDNA as probes was unexpected 
and suggests that our SWT genomic library is not fully representative of 
the L_cupriaa genome, an observation which can be correlated with the 
biased representation of the topaz polymorphic a 11 el es among the cl ones 
isolated. 
The putative yellowisb clones were selected on the basis of their 
homology to a sequence which appears to lie immediately 5' to the vermilion 
gene, homology which extends to the adjacent fragment, ES2 (Figure 3.11): 
The most likely explanation is that I have cloned the L.cuprina counterpart 
of the gene (of unknown function) which lies next to vermilion. Despite 
close proximity of these sequences to the vermilion gene in D_melaaogaster 
(within the l. 3 kb of EcoRl /Xhol fragment), in L .cupriaa it hybridizes to 
59 
unique sequences (since only one set of overlapping clones was isolated) 
which are not immediately adjacent to yellowisb, Based on the restriction 
maps of the Aye clones and on the regions of homology between the L.cuprina 
and D.melanogaster sequences (Figure 3.11), there are at least 5kb of other 
DNA sequences between this unidentified gene (or sequence) and the 
yellowish gene (provided the Southern blot result showing homology between 
the vermilion cDNA clone and L_cuprina genomic sequences is due to actual 
homology with yellowisb sequences and is not fortuitious). This indicates 
that the distance between genes in L_cuprina might be much longer than in 
D.melanogaster, an observation which, if generally true, could partially 
account for the difference in genome size between the two species. It 
should be pointed out that the sequence in question is not necessarily even 
on the same chromosome as the yellowisb gene and the speculations above are 
only relevant if th~ rather generalised observations on the conservation of 
genetic linkage groups between the two species (see Introduction) extends 
to the fine scale of individual adjacent genes. 
The DNA fragment carried in subclone pvES3.5 which is located 3 1 
to the vermi 1 i.on gene, is present as a unique sequence in D .. rne l anogaster. 
In L_cuprina however it hybridizes to a sequence which is moderately 
repeated in the genome, one copy of which is adjacent to the sequence 
homologous to pvES2 (Figure 3.11). In D._virilis, pES3.5 also hybridizes to 
a moderately repeated sequence (M.A. Rye and A.J. Howells, unpublished). 
Whether it is actually the same sequence from within the 3. 5 kb fragment 
which is repeated in L_cuprina and D.virilis is unknown but it would be 
interesting to find this out as a possible clue towards understanding the 
significance of differences in the short dispersed repeat components of the 
genome between these species. D.melanogaster, D.virilis and L_cuprina could 
be suitable species on which to make such comparisons since the 
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evolutionary distance thought to exist between D.me1anogaster and D.virilis 
(approximately 60 million years) is about half that between D.melanogaster 
and L.cuprina (approximately 100 milli on years) (Beverley and Wi l son , 
1984) . 
3. 3,.,5 Evo l ution of eye colour genes 
Out of the three homo 1 ogous pairs of eye col our genes examined, 
scarlet and topaz show the highest level of sequence conservation as judged 
by the appearance of hybridization signals when using scarlet sequences to 
probe Southern blots of L.cuprina genomic DNA. Vermilion and yellowish show 
less sequence homology as increased probe sensitivity, utilizing vermilion 
cDNA sequences, was required before ye1lowisb sequences could be detected 
on Southern blots. - This result also emphasises the increased resolution 
achieved by using Ml3 probes compared with nick translated probes. So far 
sequences from the wbite gene of D.me1anogaster have not detected L~cuprina 
wbite gene sequences by Southern blot hybridization; however the use of Ml3 
probes has not yet been attempted. 
A 1 though the studies reported are sti 11 pre 1 i mi nary, they appear 
t o provide evidence that three L .cupdna genes associated with the same 
bi ochemi ca 1 pathway have di verged to different extents from their 
homologous genes in D.rnelanogaster. Further studies will be required to 
establish the pattern of divergence, to examine whether it affects certain 
parts of the gene more than others or whether it reflects a greater extent 
of si 1 ent base substitutions in one gene compared with another. Some of 
t hese questions will be addressed in the next Chapter i 
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CHAPTER 4 
THE ANALYSIS OF THE TOPAZ GENE REGION BY DNA SEQUENCING 
4~1 INTRODUCTION 
The determination of the exon / i ntron structure of a gene is a 
pre-requisite before questions concerning its regulation, evolution and 
structure in relation to that of the genome can be addressed. The most 
unequivocal way to establish gene structure is to compare the sequence of 
t he RNA encoded by the gene (usually via a cDNA) or the amino acid sequence 
of its protein to the nucleotide sequence of the gene itself and so 
i dentify the coding ( exons ) and non-coding ( i nt rons ) regions. When the 
protein sequence i5' unknown or a full length cDNA clone is unavailable, 
other approaches can be used. 
The es tab 1 i shment of the structures of the white and vermi 1 ion 
genes from D.melanogaster are perhaps the two examples most relevant to the 
work described in this thesis. A genomic clone carrying the white gene was 
sequenced by O'Hare et a 1 . ( 1984); the 3' end of the gene was defined by 
comparing the genomic sequence with the sequence of a truncated cDNA clone 
derived from that region. The rest of the coding regions were established 
by hybridizing short subclones from along the gene to polyA+ RNA. Since 
such hybridization studies would not detect the presence of short introns, 
the DNA sequences of those subc l ones which hybridized to the RNA were 
searched for probable protein coding regions and potential exon / intron 
splice sites. The putative structure presented by O'Hare et al. (1984) was 
proposed on the basis of the combination of the above data. Subsequently, 
on the basis of sequencing a much longer cDNA clone and other white genomic 
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clones, this structure was found to have only one error which resulted from 
an incorrect assignment of one splice junction (S. Mount, pers. comm.). 
The vermilion gene structure (as discussed in the previous 
Chapter) was determined by L.L. Searles (pers. comm.) by sequencing a 
genomic clone carrying the gene followed by Sl nuclease mapping. The 
proposed structure was confirmed by the subsequent sequencing of a 
vermilion cDNA clone (J. Pagan and A.J. Howells, unpublished); however this 
cDNA clone did not contain the complete transcript so the structure of the 
5 1 region is still uncertain. 
The structure of the topaz gene was determined by a novel 
approach, as will be described in this Chapter. Essentially, this involved 
simultaneously sequencing the homologous gene region from two distantly 
related species (topaz from L.cuprina and scarlet from D.melanogaster) and 
comparing the DNA ~equences for conserved regions. 
4.2 RESULTS 
The topaz gene region was subc 1 oned into phage Ml 3 vectors and 
sequenced by the dideoxy chain termination procedure (see Chapter 2). The 
sequencing strategy is shown in Figure 4. 1. The scarlet gene was sequenced 
in conjunction with topaz largely by Mrs D. Boyle (described in Tearle, 
1986). The computer analysis of the sequences from topaz and scarlet was 
done in collaboration with R.G. Tearle. 
4.2. 1. Gene structure 
The putative exon/intron structure of the topaz and scarlet genes 
was established by considering a number of criteria; essentially, regions 
FIGURE 4. 1 Sequencing strategy for the topaz gene region 
(a ) Restriction map of the topaz gene region. 
(b) Sequenced regions of subclones from topaz. 
Arrows indicate starting points and 
direction in which sequences were read from 
the Ml3 recombinants. Length of arrows 
indicate the extents to which sequences 
were read from single reactions. 
Restriction enzymes used: E, EcoRl; B, 
BamHl; H, HindIII; S, SalI; X, XbaI; Xh, 
XhoI; Hp, HpaII; Su, Sau3A; T, TaqI. 
Examp 1 es of sequencing ge 1 s are presented 
in Chapter 6. 
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of DNA from the two genes which showed homology at the deduced amino acid 
level, which had an open reading frame (ie. with no termination codons) and 
which were flanked by exon/i ntron boundary si gna 1 s ( see Introduction and 
Tab 1 e 4. 1) were presumed to be exons. The intervening sequences, which 
showed no homology at the DNA level and contained stop codons in all three 
reading frames were presumed to be intrans. The proposed gene structure of 
topaz and scarlet is shown in Figure 4.2 and the actual DNA sequences and 
predicted amino acid sequences of topaz and scarlet are shown in Figures 
4.3 and 4.4 respectively. 
The identification of exons 2 to 7 was relatively straightforward 
and seems likely to be correct. The regions of homology were first 
established by hybridization (Chapter 3 and data not shown) followed by DNA 
sequencing. The sequencing of the two genes started in exon 4, as this was 
the region which - showed the strongest homo 1 ogy on the basis of 
hybridization, and from there continued up- and downstream. At the 3' end 
of the gene, exon 7 is most 1 i ke 1 y the f i na 1 exon as it terminates with a 
stop codon in both genes, is followed by a poly A cleavage and adenylation 
site; furthermore, no homology between the two genes can be detected by 
hybridization beyond this exon. The only restriction fragment which failed 
to hybridize between the two genes but was subsequently found to contain 
homology by sequencing was the 0.4 XhoI fragment of scarlet, which contains 
exon 2; it does not hybridize to the 1.8 kb HindIII/EcoRI fragment of topaz 
( -0. 8 to + 1) to which it obviously has homo 1 ogy at the deduced amino acid 
level. This is not surprising in view of the fact that exon 2 is only 49 
nuc 1 eot ides 1 ong, out of which only 34 are homo 1 ogous between the two 
genes . 
At the 5' end of the gene, 1.3 kb of topaz DNA upstream to exon 2 
was sequenced, and although a number of 1 ong open reading frames were 
FIGURE 4. 2 The putative structure of the topaz and scar 1 et 
genes. 
The position of the exons is marked by the boxed 
areas; the intrans are marked by lines. 
Restriction enzymes used: E, EcoRl; B, BamHl; H, 
HindIII; S, SalI; X, XbaI; Xh, XhoI; P, PstI. 
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FI GURE 4.3 The DNA nucleotide sequence and deduced amino acid sequence 
of the topaz gene region. 
The restriction sites used in this work are marked and 
underlined. 
The poly A addition site and the palindromic sequence 
preceding it are underlined. 
Examples of repeated sequence units are underlined ( see 
also Table 4.6). 
-5400 CCGATTGGTATCTTTCAAGTTTGGTATAGAACCATGTTATTGTGCGTTAATAACAAACCC 
AATATAACCCTCCCACTAAAGTGGTCATCAGGGTAATAAATAGAAATAAATATAAATAAC 
AAAAATAAGTAATAGTTATTCACAAGAATTACTAACACTTGTCATGACAAGTATACAGTA 
ACTGAAATGAGTATGGGATTTTAGAGAACAATCGCGAGCCATTTGGCTCATGATGTTCTT 
CCCTTACTTAAAAAAAATTAATTAATTTTCTTTATTGTTATTGATCCTCGAC 
(Gap of c. 1000 bp) 
-4100 TATGGACTAGTCTACTGGTTAGTCTATTGCCTAGTCTATAGTTTAGTTTATTGACTAGTT 
TATTTATAAGTCTATGAACTTATTAATTAATTAGTTTATGCATATTGGCTAGTCTACTGA 
CTAGCTATTGTTTAGTCTATGGACTAGTTTATTGTCTAGTCTATGGACTAGTTTATTGTC 
TAGCTATTTTCACGCTATCCACTCGCTATGGACTGGTAAGCTATTGCCTAGCAAGTTAGG 
(Gap of c. 2600 bp) 
ATTCATATTTTGTT 
GTTTGTTATTTATTTTCTTTTGAGTTTTCTAATGACTTTTATTTAAATGCATAATAAAAG 
AGAAGTTAAATTATTGGTTTTGTGATAAAAAACAAATAAGATGTGTAATGTAATAGTTTT 
-1100 CAATTATAGAGACGTAAATTTACAGAGAATTAACCGTGTGTGTGTCATGCAACATTGTAA 
TGAATGATAAATGTTTTTGAGCTGTAAATAAACATTGTAACCCAGTGAACATATTTTAAC 
TAATTTATAAAAAAACAAGTAGAATGTATAGTCGGGCGTGACTGACTATATGATATTTTT 
AAAAATAAAGCATCTATGTTGAAGTTTTCCTTAATTTGGATATATAGTTTTGATGAAAAA 
Hind 111 
ATGATTTTCTGATGGCATCTAAGCTTAATTGTGTACTGTTGACATTAAAGTTAAATTTTC 
-800 CGAATTTCATTGAAATACAGGTGCTTATGCAGAAAATTAATGAAGAGGAGGAGTTGCAAG 
CGTTAAATAAAGGCCGCTCATTGCGAAATTTTGCAATATCATTTATTGCGATTTAAAACG 
TAGTTGTGCATATTTTTGTTAGGATATTAGTATAATTGACATGATTATGAGCTCTGGGGT 
TAGGGGTCCGTTTGTGTGGGTGCTAGGTGAAGGAATAAATCGATATCGTCCAAATTCAAT 
Sau3A 
AGTATTCGTGCTTTTCACTCAATTATGTTTAAAACTGC.G..A..I.C.TGTAGTTTGATGATTCTG 
-500 ACTTCAAAAAATGAAACATTTATCAATACTTCTAAAGTAGGACTAAATGAATTTTTTACC 
TTCTGTGGAAGTGATATTTATTGACTTCCAAAGAGGCAAGATGTTACTCTTTTTGTAGTA 
AAATTTCTAACTAATTTTATTTTATTTAAATTTATTTATGGAAGTTATTTTTTTTTCTGG 
GTGTGTCTATTGAAATCATTTCTGGTATTTTCGCAATCTAAATAATTCTTTCAGACATAT 
Taq I 
GTATGTAGTT.I.C.G.AAAAGAGACCTTTTAAAAATCAGCAAAATCGGTCCATACGACGTTAT 
-200 GACCAAAAGTTCAAGP.CAACAACGTATAGAGTTATATGGTAAATTTTCTTGGGCTTAGCT 
TCCTTCTTTATAAAGCAAAACAGAGAATGAATAAAGCATAACATATGAAGCACTACGTTG 
Tcql Scu3A 
TTATCTGATATTTCATCGTTTTAGATTTitQBC~ATGTTGATCTCTTAAAAACGCAA 
Scu3A 
CTTTACTAAAGAAAAAAAGAAAACATTTTAGTGATAAAAATATTTTATTT~TATTTT 
TACAGTGGTTCAGGAAAAACAACATTAATGTCTGTACTTGCATATCGCCAACCAGGTAAT 
cGlySerGlylysThrThrleuMetSerUclleuA lcTyrArgG lnProU 
Tcq I 
+100 TAAAGTTTAGATTTTATTATTTAAATAAitQBCAGACGTAGAAACTCGTGAAGACCAAAG 
ATTAGATAATTAAAAATAAAAAAATATATTTCAATAATTTCCAGTTGGTACCGTAGTTCA 
clGlyThrUclUc lGI 
AGGTGATATTCTTATCAATGGCCGACGTATAGGACCATTTATGCATCGCATAAGTGGTTG 
nG I yAsp 11 eleu 11 eAsnG I yArgArg 11 eG I yProPheMetH i sArg 11 eSerG I yCy 
Scu3A 
TGTTTATCAAGATGATTTATTTAATG~ACTTACCGTGGCAGAACATATGCACTTTAT 
sUclTyrGlnAspApsGluPheAsnGlySerleuTyrUclAlcGluH isMetHisPheMe 
GGTAGGAGAACTTCATGTCCTTTTAAATTATTTTTAATAATTTTTACATATTTTAGGCTC 
t Riel 
Scu3A Scu3A 
+400 TCTTACGTTTA~GCCGCGTTAGCAAGCAGGAACGTAAACTTATAATACAA~TTT 
euleuArgleuAspArgArgUclSerlysGlnGluArglysleul lei leG lnAspleuP 
TCGAACGTACAGGTCTATTGGGTGCTTCTAATACACGTATTGGTTCGGGAGATGATGAAA 
heGluArgThrGlyleuleuGlyAlcSerAsnThrArgl leGlySerGlyAspAspGluL 
AAGTGTTATCGGGTGGTGAACGTAAACGTTTAGCTTTTGCTGTGGAATTGTTAAATAATC 
ysUclleuSerGlyGlyGluArglysArgleuAlcPheA lcUclGluleuleuAsnAsnP 
CGGTGATATTATT LTGTGATGAACCCACCACTGGTTTGGATTCTTATAGTGCTCAGCAGT 
roUcl I leleuPheCysAspDluProThrThrGlyleuAspSerTyrSerA lcGlnGlnL 
TGGTGCAAACCCTTTACGATTTAGCCAAAAAGGGTACCACTATCTTATGCACCATACACC 
euUc I GI n Thrleu TyrAspleuA I clyslysG I y Thr Thr I I eleuCys Thr I I eH i sG 
+700 AACCGTCTTCACAATTATTTGATATGTTTAATAATGTTCTCTTTTTGTCGGAGGGCAGAG 
lnProSerSerGlnleuPheAspMetPheAsnAsnUclleuPheleuSerGluGlyArgU 
TGGCCTTTACTGGTTCACCACAAAATGCTTTGGATTTTTTTGCTCAAAATGGTTATAGAT 
clAlcPheThrGlySerProGlnAsnAlcleuAspPhePheAlcGlnAsnGlyTyrArgC 
Hpc 11 
GTCCAGAGGCCTATAAT~CCGACTATTTAATAGGTGTACTAGCCTCCGATCCAGGTT 
ysProGluAlcTyrAsnProAlcAspTyrleul leGlyUclleuAlcSerAspProG lyT 
Scu3A 
ATGAAAAGGCTTCCCAAA~AGCTCAATATTTGTGTGATCTATTCGCTGTAAGTTCTG 
yrGlulysAlcSerGlnArgSerAlcGlnTyrleuCysAspleuPheAlcUclSerSerA 
CAGCTAAACAGAGAGACATGTTGGTGAATTTGGAAATACATATGGCTGAAAGTGGTGATT 
I cA I clysG I nArgAspMetleuUc I AsnleuG I u 11 eH i sMetA I cG I uSerG I yAspT 
EcoRI 
+1000 ATCCTTCTGACAAGGAAGTGGAATTCTTTCGTGCTGCTTCTTTGTATTTAAAATTACATG 
yrProSerAsplysGluUclGluPhePheArgAlcAlcSerTrpTyrleulysleuHisU 
Scu3A 
TTATCTGGTATAGATACACACTGACACTACTGCGT~CTAAACTACAGTGGCTGAGAT 
cl I leTrpTyrArgTyrThrleuThrleuleuArgAspProlysleuGlnTrpleuArgP 
Hpa 11 
TCTTTCAGAAAATGGCCATGGCCATTATAATAGGTGCCTGTTTTG~TACCACGGTAT 
hePheG I nlysMetA I aMetA I a 11 e 11 e 11 eG I yA I aCysPheA I aG I yThrThrUa IL 
Sau3A 
TG~AAATGGGTGTTCAAGCTGTACAGGGTACTCTTTTTGTAATGATTTCTGAAAATA 
euAspG I nMetG I yUa I GI nA I aUa I GI nG I yThrleuPheUa I Met 11 eSerG I uAsnT 
CTTATCATCCCATGTATTCGGTGTTGAATGTCTTTCCTCAAGGATTTCCATTATTCATGC 
hrTyrHisProMetTyrSerUalleuAsnUalPheProGlnG lyPheProleuPheMetA 
+1300 GTGAAACACGTTCTGGCATGTATTCCACAGCTCAGTATTATATTGGCACTGTATTGGCTA 
rgGluThrArgSerGlyMetTyrSerThrAlaGlnTyrTyrl leGlyThrUalleuAlaM 
TGGTAAGATAAGACAAGTAGTAATTAAATGATGATGATGATGACTTGATACATTAATTAA 
et 
AATTCGTATTTGCATGCATGTTCATTGTCTGGTGGCTGGCTGGCTGACTGTTGATTACAT 
GCTATTAATATTTGGTTTTTCCCCCTTCTTTTTATGTTTTCGTTTTGCGCACGTTTATTA 
Hpa 11 
TCTAGCTG~GCATGATTATAGAACCATTTCTATTTGTTGTCATTTGTTATTTTATCG 
leuProG I yMet 11 e 11 eG I uProPheleuPheUa I Ua 111 eCysTyrPhe 11 eA 
+1600 CTGGCTTAAGACCAACATTTTATGCATTTGCTATAACAGCCATAGCTGTTGTACTGGTGA 
laGlyleuArgProThrPheTyrAlaPheAlal leThrAlal l eAlaUalUalleuUalM 
TGAATGTGGCTACAGCATGTGGTTGTTTCTTTTCGACGGCCTTCGATTCGGTACCACTGG 
etAsnUalAlaThrAlaCysGlyCysPhePheSerThrAlaPheAspSerUalProleuA 
Hpa 11 
CCATGGCATACTTGGTG~TCGATTATATATTCATGATAACATCTGGCATCTTTATTC 
I aMet A I aTyrleuUa I ProUa I Asp Tyr 11 ePheMet I I e-ThrSerG I y I I ePhe I I eG 
AAATCAGGTAAATAAAAAGAAGTATATTTATATGTGACAGTATGTGTTAATGTAGTCTAA 
In 11 eSe 
GCTAATTGCAAACCCCCTGAAAATATGCTGTGTTTTAGTACAGTTTTCTGTATATTTCAA 
Sau3A 
+1900 TGTATGTGTGTTTTTGTGTGCTGTAAACTGTTTAATATCATT~TTTGTGTAAAACAC 
TTAATTTTCCTTGTCATCCTGTCGTTGTCGTTTTTATATTCTTTACCTTTGTAGAAAGTG 
CATGTTTGAGTTTGTCATTCCGTTGTAATTTTCCCACCTGTCCGTCTGTCTATCATAGAA 
BamHI 
ATTATGTGTAATTCTTTGATATAATTTCTGATCCTATAAAATATATTTATTTCGGATCCT 
TATAGAAAGCGGAGTTGATTGAGCTATGTCCG~TCTG.I.C.IB.TCTGTCTGTCTGTCTA 
+2200 TCTGTCTGTCTGTCTATCTGTCTATCTGTCTGTCTATCTGTCTGTCTATCTGTCTGTCTA 
TCTGTCTGTCTATCTGTCTGTCTATCTGTCTGTCTATCTGTCTGTCTATCTGTCTGTCTA 300 
ACTGTCTGTCTGTCTATCTGTCTGTCTGTCTGTCTGTCTGTCTATCTGTCTGTCTATCTG 
TCTGTCTATCTGTCAGCGTGTCTGTCTATCTGTCTGTCCGTCTATCTGTCTGTCTGATTA 
TG.IB.DlTATGTATGTATGTATGTATGTATGTATGTATGTAlGTATGTATGTATGTATGTA 
+2500 TGTATGTATGTATGTATGTATGTATGTATG,ATGTATGTATGTATGTATGTATGTATGTA 
TGTATGTATGTATGTATG (Gap of c. 400 bp) 
TGTCTATCTGTATGTCTGTCTATCTGTCTATTGGATATTTTGGTACTTTTTCGTTCTTTT 
CTTAAAATTAAAGCTAAAAACATGTAACGTATAAAAAGAACTTTTTGTTCTTTAAAATGT 
+3100 ACTTTTTGAGTTTCCATAATATTGAACCTAGAAACATGAAATTAGGCATGTAAAGCCCAG 
ATTATGTAAGAACCTATTAAAGGGGTTCCTTTTGGTACTTTTTTGTTCTTAAAAAGGTAT 
TTTTTATTTTTGTTAAACCTAGAAACTGAAATTAAGCATGTAGCCTGCTTAAGGTACGTT 
Xbal 
TTCCTACTCTTGTACTTTTTGAATTTTCTTTAAACTGAGAAACATAAAATTAAACA.I.C.Ift 
.QflGCTAGAAATATGATATTTCCAGATGTACAGCCAAATATAGAACTTTTACTTGTTTAAA 
+3400 CACACTATGCTAAAGGGTACTTACGATTCGGAGCAGCCAATTATGTTTTCTTTTTCATTT 
TTGCAAAAAATTCCATTTAATATGTTTTTTTCTCTTATTTTTCAGTACATTGCCTATAGC 
r ThrleuPro I I eA I 
ATTTTACTGGACACAATTCTTATCATGGATGTTGTATGCAAATGAAGCCATGACTGCTGC 
aPheTyrTrpThrGlnPheleuSerTrpMetleuTyrAlaA3nGluAlaMetThrAlaAI 
CCAATGGACTGGTATTACAAATATCAGTAAGTAATTATTTTGTTTTTTTTTTTTGATTGT 
aGlnTrpThrGlyl leThrA3nl leT 
AACACAATTACAGTTTTTCTGTGATTATGTGTATTTGTACAAAGTGGGAATTTACCTTTA 
+3700 TGAATACGAGAATTAAACAGCTAAACAGCTAAAGTTTGTTAAATAGATATTAGATTTTAC 
TTATGAAGAATTTAACGGTTATTGTTGAAACATAAGAAA (Gap of c. 70 bp) 
TATTACCTACACGCAGAAAAAACATGGTTGTGGTAAACATGATATAAGAGCAACATTTTA 
TTGTTAAATTTATGATTTTAGTTTAAACATATTATAGTTATTATTTTACTCAATCATATT 
GAAAGTTATAATTGCCATAGTACAATTAACATTAGTTACAATTAACATAGTATAGTTGTA 
+4050 ATAACCATGACTTTTGTCTTAATATTGTTGAAACTTTAATTATATTACGGTGAATCGTAT 
TTTAAGTTATACTTACCGTAAATATTCAAATATTTACAGTTATTTAAATATTTTTAAAAT 
CCAGTTAAAATGACATATTATTTGTTTTTGATAACAGTACATTGCTAAAATGGACATAGT 
Taq I 
ATGATTGTAGTAAGCATAACTTT.I.C.Q.ACGACGACTGTTAAAACAATAATTATGTTTCGTA 
AATCATATTAAAGCTATAATAGTCATAGACATTAAAATCGTTACAGTAACTAAAATATAT 
Taq I 
+4350 GGTTAAAATCCAAATTAGAACAAATAACAGTTACAATGAACATGT.I.C.Q.AATTAACATAGA 
ATAGTTGTAGTAACCATGACTTTTGACTTAATGACTTTTGCTTCTAAGCCAATAATAAAG 
AATGTTAATTTGTTACTTAATTTACCAAAAAACTCACTTCTTAGTAGTGATAAGGTTTAA 
TTCTCCTTTTAAATAATATGACCCTAAAAAGTTAATTATTTTACTGATATTAATGTTTTC 
CTAGAACATGCAATACATTTTATTTATTACAAAAAATTAATTTAATTGTGTGTATTTCGT 
+4650 TTCTTATTTTCTTCCCTTTTGTCTACAGCTTGCTTCGAAGAAAGTGAAAATTTGCCATGT 
hrCysPheGluGluSerGluAsnleuProCys 
Xbal 
TTTCATACGGGTCAAGATGTTCTAGATAAATACAGTTTTAAAGAAACCAATATCTTTCGT 
PheHisThrGlyGlnAspUalleuAsplysTyrSerPhelysGluThrAsnl lePheArg 
AATCTCTTGGCTATTGTTGGTATTTACTTTGGATTTCATATCTTGGGCTATTATTGCTTG 
AsnleuleuA I a I I eUa I GI y 11 e TyrPheG I yPheH is 11 eleuG I yTyr TyrCysleu 
TGGCGTAGGGCGCGCAAGATA.Ifi.BGAGAAAAAGTTTCTGCTGCCGAACATTTCTGGTTAT 
T rpArgArgA I aArglys I I eSTP 
ACATATTTATAAAATTTTAAGAACAATTAAAGGATAAAGAATTTAAGTCTATGTGTATTT 
+4950 GTGTATTAAATAAATTTACATATGTATTTGTTCGTTTTTTTTTTTGGTACTGATTTATAG 
>>>>>>>>>>>>>>>>> 
CAAACATTTATAAAAATACAAAAAAAAAAAATTAACTGAAATAAAATTTTTAACATTAAT 
<<<<<<<<<<<<<<<<<< 
TTTTATGATATTATTGCGCGCTAAGCAAGGTATGACTATTTGTCTGTCTGTGGCATTGTG 
TCTATTGTGTTTTCAACTTCAAATCAAATAAATTAACAGCCAAAACGTTAGACATTGCAA 
ATGAATAAGAATTTATTTAACACCAAACAAAGAAATTTATTTGCCATCATCAATTTCATG 
Xbal 
CTTCTTTTATCTAGA 
FI GURE 4.4 The nucleotide sequence and deduced amino acid sequence of 
the scarlet gene region (modified from Tearle, 1986). 
Restriction sites are underlined and marked. Putative 
promotor, cap site, poly A addition site and palindromes 
are underlined. 
Pstl 
CTGCAGAGAGCAGT 
TnAATTTCCTTACTTAGGTAATAAGTTCAATTAGCAATTGCAGCTTATCAATGATTGTTT 
GCTTTATATATTAGGTGAATATATTTATTATTCATTCATTATTTGTTTTCCTAATTTTGC 
AATAGATTAGATTTATTAAACTACACTTCAGTTGTGGAATATATCACAAAATCGGTTTTT 
TTTTATCTCACTTCTTGATTTTATTAGTTGCGCGTGTATGATTGTATAATTTAACTAATT 
-4200 TCAATTAGCGTCTAGTCGGGATTTATGCAGTTTCCATAATCTATTATCAAATCAATTTTT 
TGTTTTTCAATATCAGAAACGTGCAACAAAGTAAAGCACTAAAAACCATCGATAAGGGTT 
TATGAAGTTTAATTAAAGACTCATTCATTTGGATTTATTACACTGGGCAACGATTTGCTC 
CAATAATTATTTTCAGTGATTTGCCGTGCTGTTTGTGTCGTTTGTATAATGAATTTCACA 
TTATTACGCTGCATTATTTTCCATGATATTGTGTTCCAAAGAACATAAATATTTAACCGC 
-3600 ACGGATGCGACTGATCGCCATGTAGGTCGATAGCAACTGAAAACCAGAGGGTTGTAGATC 
(Gap of c.SOObp) GAT 
-3300 CTCATTAAAAATACGTAAATTTACCCAACAAAAAAATACTTCATTGAGAAAAAGCGTCTT 
GTGGAAATGTGAGAATTACAGTTTCTTGTATTTATCATCATTTTCTTGGTTCGCCTTTGA 
GTCAAATAAAATGCGAAAACGCGTAGAAAACAGAGAAGACAATTGCCTCCCATCTGGTTG 
TTGGCTTTCCCGATCGATCCATCGGCGGTTTTCCGTGCTGGCTGCTTGGATGACTCTGGC 
Pstl 
GCTGCAGGGCTTCCCGTTGGATTGGTGGGTTGGTCTGGACTGCATTTTCCGCTGGCAATG 
-3000 GTAATCGGAGCCGCCACCTAAGCCCGCTGCTTCCCAAGCGGTCGGTAAACTGCAAGACGA 
TCGAATGCCCGCTGCCAGGGCCACCCTAAAGATTGTGGACCCCGCACCTCGGATTCCAAG 
TTTAACATATTTGCATTGTGGGGTGATGAGCACAGTACAGTAGTCATTGGCAAATAAGCT 
ATTGTCATGCAAGCCGCATTATCTTAATAATACGAAAGGAAGAGTGAGAGTAGGGAGTAA 
TATA box 
GTAACGAACAAAAATGTAAAATTAATTTTTAAAATAATATGTTATCTATGCAACGATTAA 
Cap 
-2700 AAGTATCATTAATTGTAATTAAGAAATATTTTTTTATAACTCTTTAAAAAAAAATAAAAA 
TAAACAAATCCCAGATTCTTTTTGTCAAATCCTCTTTATCCAATCTTTACTGTGCCCGTC 
CATCTTACTGTCAACTTGGCTGTGACAACTTCTCAGCAAAGTTTAGACGGTTAGTTGGTG 
CCCAGCTGTGGCACGCTTCGGTTCAGAAAAAAGTCTGGCTCCTCAGCCGTGAGATCCAAG 
ATAAAAACCAGAGATAATGTCGGATTCAGATAGCAAGCGGATCGATGTGGAGGCCCCGGA 
MetSerAspSerAspSerlysArgl leAspUalGluAlaProGI 
-2 400 GCGAGTGGAGCAGCACGAATTGCAGGTGATGCCGGTGGGCAGCACCATTGAGGTGCCCAG 
uArgUalGluGlnHisGluleuGlnUalMetProUalGlySerThrl leGluUalProSe 
CTTTGGACAGCACACCCAAGCTATCGAAACGGAACAGTTCCGGAGAGAAGTCTACCGCTC 
rPheGlyGlnHisThrGlnAlal leGluThrGluGlnPheArgArgGluUalTyrArgSe 
AGGAGCTACAGCAAATGGTCGCCCACGGAGCAGGGAGCCACTCTGGTGTGGCGGGATCTC 
rGlyAlaThrAlaAsnGlyArgProArgSerArgGluProleuCy 
TGCGTCTATACCAATGTCGGTGGTTCCGGTCAGCGGATGAAGCGGATCATCAACAACTCA 
Xho l 
ACGGGGGCCATTCAACCGGGCACTCTGATGGCTCTAATGGGCTCGAGGTAAGCTGCTGCC 
Xho l Xhol 
- ?. 100 GAAATCGATACCACTAAGAGATCAGGTGCACTCGAGTGGAGAAGTG.c.I.C..G..AJi.AAGTCGTT 
GTCCAAAAATGTGCTAACTATGTCAAGATGTCTAATTTTCGGCTCTGATAAGCAGAGATT 
CCGCTTGGATATCGCCCCCAACTAATAAAACTTCTACCATTCACAGTGGCTCTGGGAAAA 
sGlySerGlylysT 
CAACACTCGATGTCAACGCTCGCCTTTCGACAGCCGGGTAAGTTGTGGGCACTACCAAGT 
hrThrleuMetSerThrleuAlaPheArgGlnProA 
ACATACGACTCTAGTTCCCGATAAGATTACACTTGATCCCCATACTATCTCCGTCCGCTC 
- 1800 CATTTGCATTGGGATCTGTGCTGCAGCCGGGACCGTCGTTCAAGGCGACATTCTGATAAA 
I aG I y ThrUa I Va I GI nG I yAsp I I eleu I I eAs 
CGGCCGGCGCATTGGGCCCTTCRTGCRTCGCRRTCRCGGCTACGTCTRCCAGGRTGRCCT 
nGlyArgRrgl leGlyProPheMetHisArgRsnHisG lyTyrUalTyrGlnRspAsple 
Xhol 
CTTCCTCGGRTCGGTGRGTGTTCTCGAGCRCTTGARCTTTRTGGTGRGCTRCTGTATCTT 
uPheleuGlySerleuSerUalleuGluHisleuRsnPheMet 
ARTRTCTTAGCTGATRRDTTTRTTGRRRGGCTRGRATAACGTTCRTTCTTGTTCARATTA 
ACTATCARRTTGTCTTCTTARAGTTACCTCAGCTTGTCCTRCTTTAAATATATGGTCTAT 
- 1500 RCRCTAGTTTRGTAGGTGGTTRARRGTRTTCTGCTCTCCCTGTTTCRGGCRCRTCTCCGC 
AlaHisleuRrg 
CTGGRTCGTCGGGTGTCGARAGRGGRGCGTCGCCTCRTCRTTARRGRGCTGCTGGAGCGR 
LeuRspRrgRrgUa I SerlysG I uG I uArgRrgleu 11 e I I elysG I uleuleuG I uRrg 
RCCGGCCTTCTTTCGGCGGCGCRRRCTCGRRTTGGTRGTGGCGATGRCRRGRAGGTCCTT 
ThrGlyleuleuSerRlaRlaGlnThrArgl leGlySerGlyAspAsplyslysUalleu 
TCGGGGGGAGAACGCRAACGATTGGCRTTCGCCGTGGRGCTGCTGRRCRRTCCGGTGRTT 
SerGlyGlyGluRrglysArgleuRlaPheRlaUalGluleuleuAsnRsnProUal I le 
CTATTTTGCGRTGRGCCTACCRCGGGACTGGACTCRTRCRGTGCCCRGCRGCTGGTGGCC 
LeuPheCysRspG luProThrThrGlyleuRspSerTyrSerAlaGlnGlnleuUalRla 
-1200 ·ACGTTGTACGRGTTGGCCCRRRRGGGCRCCRCCRTRCTGTGCRCCRTCCRTCRGCCGRGT 
ThrleuTyrG I uleuA I aG I nlysG I yThrThr 11 eleuCysThr 11 eH i sG I nProSer 
TCGCAGCTCTTCGRTRRCTTTARCRRCGTAATGTTGCTGGCCGATGGGCGRGTRGCCTTT 
SerGlnleuPheRspRsnPheRsnAsnUalMet~euleuAlaAspGlyRrgUalAlaPhe 
RCGGGRTCRCCTCRGCRTGCGCTTRGTTTCTTTGCGARTCRTGGRTRCTRCTGCCCGGRG 
ThrGlySerProGlnHisRlaleuSerPhePheAlaAsnHisGlyTyrTyrCysProGlu 
GCCTACAATCCGGCAGATTTCCTAATTGGTGTCCTGGCGACCGATCCTGGCTATGAGCAG 
AlaTyrAsnProAlaAspPheleul leGlyUalleuAlaThrAspProGlyTyrGluGln 
GCCTCGCAGAGATCGGCTCAACAC2TTTGTGATCAGTTTGCCGTCAGCTCGGCGGCCAAG 
AlaSerGlnArgSerAlaGlnHisleuCysAspGlnPheAlaUalSerSerAlaAlalys 
-900 CAGCGGGATATGCTGGTTAATCTGGAGATTCACATGGCCCAGTCAGGCAACTTTCCCTTC 
GlnArgAspMetleuUalAsnleuGlul leHisMetAlaGlnSerG lyAsnPheProPhe 
GACACGGAGGTGGAGTCCTTCAGGGGCGTGGCGTGGTACAAGCGCTTCCACGTAGTGTGG 
AspThrGluUa lGluSerPheArgGlyUalAlaTrpTyrlysArgPheH isUa lUa lT rp 
BamHI 
CTAAGGGCGATCGTGACGCTGCTAAGGGATCCCACGATTCAATGGTTGCGGTTCATTCAA 
LeuArgA I.a I I eUa I ThrleuleuArgAspPro Thr I I eG In T rpleuArgPhe I I eG In 
AAGATCGCAATGGCATTTATTATCGGTGCCTGTTTTGCCGGAACCACGGAACCCTCCCAGT 
Lys I I eA I a Met A I aPhe I I e I I eG I yA I aCysPheA I aG I y Thr ThrG I uProSerG I nl 
TGGGCGTACAGGCTGTTCAGGGAGCACTTTTCATTATGATATCGGAGAACACCTACCATC 
euG I yUa I GI nA I aUa I GI nG I yA I aleuPhe I I eMet I I eSerG I uAsn Thr TyrH i sP 
-600 CCATGTACTCCGTGCTGAATCTCTTCCCGCAGGGATTTCCGCTATTCATGCGGGAAACCC 
roMetTyrSerUalleuAsnleuPheProGlnGlyPheProleuPheMetArgGluThrA 
GATCCGGACTCTACTCCACGGGACAATATTATGCGGCCAATATACTGGCTTTGGTAAGTG 
rgSerGlyleuTyrSerThrGlyGlnTyrTyrAlaAlaAsnl leleuAlaleu 
TTGTAACGAACTAATTGGATTTAATTTAAAAAGGAGCATCATTTTAAAGTTTTCACATGT 
CTGTTAATAGCTGCCTGGCATGATAATTGAGCCCCTGATATTCGTCATAATCTGCTACTG 
LeuProG I yMet 11 e 11 eG I uProleu 11 ePheUa 111 e 11 eCysTyrTr 
GCTGACGGGTCTGAGAlCCACCTTTTATGCCTTCGGAGTGACTGCCATGTGTGTGGTGCT 
pleuThrGlyleuArgSerThrPheTyrAlaPheGlyUalThrAlaMetCysUa lUalle 
-300 GGTGATGAATGTGGCCACAGCCTGCGGTTGCTTCTTTTCCACGGCCTTTAATTCGGTGCC 
+1 
uUalMetAsnUalAlaThrAlaCysGlyCysPhePheSerThrAlaPheAsnSerUalPr 
GCTGGCAATGGCTTACTTGGTGCCCTTGGATTATATATTCATGATCACCTCGGGAATCTT 
oleuA I aMetA I aTyrleuUa I ProleuAsp Tyr 11 ePheMet 11 e ThrSerG I y 11 ePh 
TATACAAGTGAAGTGGGTGATTAAATTGATACTTTCAATTAAGTTCGTTTCAAGAAACAC 
e I I eG I nUa I As 
TCAACTTTCAGTTCGCTACCAGTGGCGTTTTGGTGGACACAATTCCTCTCATGGATGCTG 
nSerleuProUalAlcPheTrpTrpThrGlnPheleuSerTrpMetleu 
TATGCCAATGAGGCAATGACGGCTGCTCAATGGTCTGGAGTGCAGAATATAAGTAAGTTT -1 
TyrAlaAsnGluAlcMetThrAlcAlcGlnTrpSerGlyUclGlnAsnl leT 
Hind 111 
AAGCTTTAATACCCTGTTCCAAGATTAATATTAATTGAAATTTGAATAGCCTGTTTTCAG 
hrCysPheGln 
GAGAGTGCCGACTTGCCGTGCTTTCACACGGGTCAGGATGTCCTGGACAAGTACACCTTC 
GluSerAlcAspleuProCysPheHisThrGlyGlnAspUclleuAsplysTyrThrPhe 
AACGAGAGCAATGTCTATCGGAATTTACTGGCCATGGTGGGTCTTTATTTCGGATTCCAT 
AsnGluSerAsnUalTyrArgAsnleuleuAlcMetUalGlyleuTyrPheGlyPheHis 
CTACTGGGATATTATTGCCTTTGGCGAAGGGCGCGGAAGCTGTAAATATACTTACTACGG 
LeuleuGlyTyrTyrCysleuTrpArgArgAlaArglysleuSTP 
AGCTATGAACTCATCAAATAAACAACAATGCCTAGAATTTTCAAATTAATAGCGCCA TTT 300 
>>>>>>>>>>>>>>>>>>>>>>>>> 
TTCAACACACTTTGTTTTTTATTTCCTTTGTTTTTAGAGCACAATGAAACACATTTAGTT 
<<<<<<<<<<<<<<<<<< << <<<< < 
AGACTGGGCTTAGTTTTGTCCTTACCAACTTGAAACTGAACA TCAAAGCTAATCAAC AAC 
GAGTTCAATACACGCATACACTTATGATTATATACATAACATATAGGATACTTTATACTC 
AGTTAAATTATAGTTCGTAAGTAGCTAGGCGTAGTCAAAGTGGC (Gap of c . 250bp) 
TCAAATTTAAACAATGCTATTTCAAGACATAACGTATTAGATACTCTCTTCATCTCAACT 
TATACTCTAGTAAATATCGTTTGTGCAACAATTCAAAAAGTTTCCATGTGCTCTTCAATT 900 
GACAGATTTGGTTTTAGTTGTTAAGAAAACACAGCTATGAACAGAGTCAAAAACCGATGT 
CATATTTCTTATCGATATGGTATGTAATGTATGCTGTCCCTTAGTTTGGTGTAAAAATAT 
TTTGCTGGGGAATGCAATCGAGTCATAAAACATTCAATTTGAGACGGAAAAATATTTCCT 
TTTCATAAAATTAGAACTGCATGTTATGGGATTTCATTAATGAAAAATACATTGAAGAAT 
GACCAGAAATCATAGATTATATATTATATTTTTATATGTTCATATACGAAGTACAACGCC 1200 
ATTTATTGTATTCCCCAACATCAAGTAATAACTAATTATTCGTTTGACAATGAACATTAA 
ATTCGATTTCTTTTGCCCGCGTATTCCCTTTGAACTTACACTCTACTGCAAACACACATA 
GGAACCTTCACACCTA~ATACCTATACTCCTTTGCAAGGACTCTGCCCCAAACTTACAAC 
CTATCGAATGCCTAGCAGTTCTAACAATGCTCTTTGGTACCCAGTTGGAGTGCAACACTT 
EcoRI 
TGCTTTTCGTACATTAGTTTTATATGTTGTGATATGGAATTC 1500 
TABLE 4. 1: Topaz EXON/INTRON JUNCTION SEQUENCES 
DONOR SEQUENCE ACCEPTOR SEQUENCE 
exon/intron intron/exon 
consensus {-AGIGT~GT _l_ N*AG/G ( n ~15) (Mount, 1982) C C n 
exon/intron 2 CAG/GTAATT ATTTCCAG/T 
exon/intron 3 ATG/GTAGGA TATTTTAG/G 
exon/intron 4 ATG/GTAAGA TTATCTAG/C 
exon/intron 5 CAG/GTAAAT TTTTTCAG/T 
exon/intron 6 TCA/GTAAGT GTCTACAG/C 
TABLE 4.2: THE TOPAZ AND SCARLET EXONS 
% Homology % Conservative 
Number amino acid 
of Predicted substitutions/ % GC 
Length amino DNA amino acid total number of 
Exon in bp acids level level substitutions topaz scarlet 
2 49 16 69 87 50 41 57 
3 137 46 67 80 22 37 55 
4 966 322 68 81 52 40 54 
5 242 81 75 83 86 41 50 
6 l 01 33 74 82 100 38 49 
7 173 58 73 81 91 36 51 
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detected, no homology to the equivalent region in scarlet was observed, 
t herefore the position and structure of the first exon could not be 
established. It was initially thought either that the DNA sequence of t he 
f irst exons might have diverged at a higher rate between the two genes than 
t he other exons and therefore no homology could be detected, or that the 
f irst exon might be very short and woul ct not be recognized by comparing 
sequences from the two genes. However recently, Northern analysis of 
D.melanogaster RNA using fragments from along the scarlet gene region as 
probes, has been carried out (F.V. Morris and A.J. Howells, unpublished ) . 
This has shown that all fragments that carry putative scarlet exons 
hybridize to a 2.3 kb polyA+ transcript. In addition, the 0.9 kb PstI / XhoI 
f ragment (-3.2 to -2.3) also hybridizes to this scarlet transcript, but the 
next upstream fragment (1.5 kb PstI) hybridizes to a different size 
t ranscript, i . e. i~ part of a different transcriptional unit. This analysis 
strcrngly indicated that the first exon is contained within the 0.9 kb 
PstI/XhoI fragment. Careful analysis of the sequence of this region 
revealed seven open reading frames which begin with an ATG, (ranging in 
size from 42 to 210 bp) and all are followed by an intron donor site, 
creating a two bp overhang that could be spliced to join the one bp 
overhang in exon 2, thereby mai ntai ni ng the reading-frame. The 1 ongest 
potential first exon codes for 70 amino acids and is presented in Figure 
4.4. 
As a consequence of the above analysis, hybridizations of subclone 
pstP/Xh0.9 to the topaz phage DNA under low stringency conditions (S0°C, 
3xSSC) were carried out and a weak hybridization signal to the 3.7 
kb EcoRl/SalI fragment in Ato8 (~7.8 to -4. 1) was found. Further studies to 
precisely define the region of homology have been hampered by the lack of 
recognition sites for the commonly used restriction enzymes within the 
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subclone ptoES3.7 (see Figure 3.7) and the region of homology to the 
putative scarlet first exon has been narrowed down only to a 2.6 kb 
SalI / XhoI fragment (Figure 4.5). Analysis of 300 bp of sequence (deri ved by 
sequencing from the Xhol site towards the Sal! site (-5100 to ~5400 Figure 
4.3)) did not reveal homology to any sequences in the pstP / Xh0.9 subclone, 
indicating the region of homology is further upstream from the XhoI site. * 
4.2.2 The exons 
The homology between topaz and scarlet sequences is restricted to 
t he putative exon regions. The exons are identical in size in the two genes 
and are about 70% homologous at the nucleotide level and 80% homologous at 
t he predicted amino acid level (Figure 4.6 and Table 4.2). A striking 
-difference between the exons from the two genes is in their GC composition 
and their codon preference (Tables 4.2 and 4.3). Topaz has a much lower GC 
composition than scarlet. This is reflected in the codon preference and 
despite a very similar amino acid composition (Table 4.4) topaz has only 
32% GC in third base position compared to 64·% GC in scarlet. 
4.2.3 The introns 
The putative topaz and scarlet introns are located at identical 
positions in the two genes but share no homology in sequence or (with one 
* These recent experiments to 1 ocate exon 1 were carried out whi 1 e the 
preparation of the thesis was in progress and I would like to 
acknowledge the techni ca 1 assistance of Mrs V. Corrigan in the 
hybridization experiments involving the first exon . 
FIGURE 4.5 Putative localization of the first exon in topaz. 
Restriction map of the topaz and scarlet gene 
regions. The scarlet subclone pstP/Xh0.9 
hybridizes to the region marked in 1111 
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FIGURE 4. 6 The nuc l eat i de sequence and predicted amino acid sequence 
of exons 2 to 7 from topaz and scarlet. The position of the 
exons are marked. Conservative amino acid substitutions 
between the two genes are underlined. Non-conservative 
substitutions are underlined and marked with an asterisk* 
The grouping of amino acids according to their properties 
varies between authors. I have used the Dayhoff 
classification (1972) which is as follows: 
Hydrophilic: Ala, Pro, Gly, Glu, Asp, Gln, Asn, Ser, Thr 
Sul phydryl: Cys 
Aliphatic 
Basic 
Aromatic 
Va 1 , I 1 e, Leu, Met 
Lys, Arg, His 
Phe, Tyr, Trp. 
Substitution of any amino acid to another amino acid from 
the same group is referred to as a conservative 
substitution . 
!Exon 2 !Exon 3 
• • OOTTCFK,Offfl R;AACATTAATGTCTGTACTTGCATATCOCCAOCCffiTTOOTACCOTA to 
GlySerGli.j...ysTtrThrlet.llet~L~la!!,:ArgGIJ'lProlgJ_GlylhrVal -
GGCTCTGGGAAAACAOCACTCATGTCAA:GCTCGCCTTTCGACAGCCGGCCGGGTC st 
GlySerGl'>-ysTtrTtrlet.lletSer~l~lnProAlaGlylhrVal -
• • 
r.:GrnyrrCfll,Goc,r~TGftr.!OTT-o-ATnTN"C-rTT .... A....,r....,CAAr,,o,,l...,.,GGCCUf£G,.,............rw~yA....,l...,R3GACCR,,..,...........,n,lr,l.,.,1 A"''T-GCA~T-CGCA--Tfft;T 
Ua I GI nG I yAsp 11 eLeu 11 eAsnG I~ 11 eG I lj>roPhenetH i sArg 11 eSer 
GTTCAffiGCGOCATTCTGATAAOCGGCCGGCOCATGGGCCCTTCATGCATCGCMTCOC 
Ua I GI nG I lj\sp 11 el..eu 11 eAsnG I~ 11 eG I lj>roPheMetH i sAroAsri:1 is 
• • • • GGTTGTGTTTATCAOOATGATTTATTTAATGGATCACTIACCGTGGCffiMCATATGCAC 
Gl~ValT"'61nAspAspleuPheA5nGIIJSer'LeuTtY'ValAlaGluHist'letHis 
GGCTOCGTCTACCffiGATGOCCTCTTCCTCGGATCGCTGOOTGIICTCGfG:ACTTGAAC 
Gly!.1£UalT"'61~1~1~1uHis.l.et.&n 
IExon4 
* 
TTTATGGCTCTCTIACGTTTAGATCGCCGCGTIOOCfflGCAGGAACGTAAACTTATAATA 
PheMetAl~~~ISerlysGlnGl~~eul lel le 
TTTATGGCOCATCTCCGCCTGGATCGTCGGGTGTCGAAAGffiGOOCGTCGCCTCATCATT 
Phel1etAlaHlsL~~1SerLysGl~l~eul lei le 
• • 
CAOOATCTITICGAACGTrnTCTATIGGGTGCTICTAAT~TATIGGTICGGGA 
GI nA»pl.8\PheG I '-'rgThrG I yl..N.auG~ I aSerfsn Thrfrg I I eG I ySerG I y 
AAAGAOCTOCTOOOOCOAACCOOCCTTCTTTCOOCOOCOCAAOCTCOAATTOOTAGTGOC 
~~lth-oThrGIIJ_N..~laAlaGlnltrfrglleGlySerGly 
• GATGATGffw:w:IAGTGTTATCGGGTGGTGAfCGTAAA:GTITffiCTTTTGCTGTOGAATTG 
AspAspqlulysUalleuSerGIIPIIPl~ysAr-9'-NllaPheAldJolGluleu 
GAT~TCCTTI~TIGGCATICGCCGTGGOOCTG 
AspAspL~ysUa I l.euSerG I IP I IP I t.lrgl.~Nl I aPheA I dJo I GI uleu 
TIAAATAATCCGGTGATATIATmGTGATGAACCCACCFCTGGTTTGGATTCTIATOOT 
Lel#lsnAsnProVallleleuPheCysAspGII.ProTirThrGl'>-~TIFSer 
CTGAACAATCCGGTGATTCTATTTTGCGATGfG:CT~T6'KTCATACAGT 
Lel#lsnAsnProValllel..euPheCysAspGllPr<>TtrThrGl'>-~Tc,rSer 
• 
OCTCftOCAGTTOOTOCAAACCCTTTACGATTTAOCCAAAAAOOOTACCACTRTCTTATGC 
AlaGlnGlrt.euValfiln.ThrleuT~~l~IJS(,lyTtrTtrllel..e\£ys 
GCCCAGCOOCTGGTGGCCACGTTGTACGB3TIGGCCCAAAAGGGCfKTACTGTGC 
AlaGlnGlrt.euValAlaTtrleuT~ltL~laGlrt.ysGlyTirTtrlleLeu:::ys 
• • 
ACCATACACCMCCGTCTICACAATIATTTGATATGTTTAATAATGTTCTCTITTIGTCG 
Thrl leHisGlnProSerSerGlnL~tf>ha~IL8\PheleuSer 
OCCATCCATcmccoAOTTCOCOOCTCTTCGATAOCTITAACAACOTAATGTTOCTGGCC 
Thrl leHisGlnProSerSerGlrt.~lt1etle\L~ 
• • 
GFOlGCOOAGTGGCCTTTACTGGTTCOCCACAAAATGCTTTOOAIIIIIIIGCTCAfmT 
Ol~l~IAlaPheThrOlySerProOlrltsnAlaL~.ef'heAlaOlnftsn 
GATOOOCGOOTMCCTTTACGGGATCACCTCOOCATGCGCTIOOTTTCTTTGCGf¥lTCAT 
ftmG I~ I A I aPha ThrG I IJSerProG I nH~ I aLauSerPhePheA I aAsnl:i Is 
• 
GGTTATFO=ITGTCCAGOOGCCTATAATCCGGCCGfCTATTIAATAGGTGTOCTOOCCTCC to 
GlyT~l~laTIFftsnProAlaAsp&LeulleGll.j.)alle\All~ -
GGAT~T~TGCCCGGAGGCCT~TCCOGCAGAmCCTAATTOOTGTCCTGGCGOCC 5t 
GI yT'F1'£.CysProG I~ I aTcrAs,l'r-oA I~ 11 eG I i.jJa I Le\Al I aThr -
• • • GATCCAGGTTATGAAAAGGCTTCCCAAroATCOOCTCMTAmGTGTGATCTATTCGCT 
AspProGlyTi.,-Gl~laSerGlrft'-gSerAlaGln!Yd-el£ysftspLetl>heAla 
GATCCTGGCTAT~TCGCAGOOATCGGCTCAACACCIIIGTGATtromGCC 
AspProGlyT.,.OluGlnAlaSerGl~laGinHisle\£ysAspQlnPheAla 
GTAAGTTCTGCAGCT~TGTTGGTGAAmGGAAAT~TATGGCTGAA 
Ua I SerSerA I aA I alysG I ~tlauUa I A.rLeuG I u 11 eH i sMetA I aG I u 
OTCOOCTCGGCGGCCAAGCAGCTATGCTGGTTAATCTGGOOATTCff::ATGGCCCAG 
Va I SerSerA I aA I alusG I nArdisPMe tleulJa I Asrt..euG I u I I eH i stletA I aG In 
• • • • • 
~GGTGATTATCCTTCT~TGGAATTCmCGTGCTGCTTCTTOOTAmA 
SerOl~~~luValGl~'gfjlaAlaSerTrpTIJ'i:eu 
TCAGGCAACmCCCTTCGACfn,GAGGT(m,TCCTTCB3GGGCGTGGCGTGGT~ 
SerO I ~ThrG I uVa I GI uSerPheArgG~ I Al aTrpTIFL_I£ 
• • • • • AAATTACATGTTATCTGGTATAGATACACACTGACACTFCTGCGTGATCCTAAFCTACAG 
b_usltui i sVa I 11 eTrpl!:l:frgl\l:ThrleuThrleuLellrgAspProl..~euG In 
CGCTTCCfOJATGTGTGGCTAfOJGCGATCGTGfOJCTGCTFA3GGATCCCOCGATTCM 
~~isValValTrpb~lal leValThrletLa.A cjbspf'r oThrl leOln 
• • TGGCTOAGATTCmCffiAAAATGGCCATGGCCATTATAATAGGTGCCTGTTTTGCCGGT 
Trpl~ lnlJJstk!Ald'letA I a I le 11 e I leG I~ I aCysPheA I aG I y 
TGGTTGCGGTTCATTCMAAGATCGCAATGGCAmATTATCGGTGCCTGTTTTGCCGGA 
Trpl.ellrgPhe 11 eG I nLys 11 eA I d'letA I aPhe I I e 11 eG I~ I oCysPheA I aG I y 
• • 
~TATIGGATCfmTGGGTGTTCMGCTGTACAGGGTRCTCTTTTTGTAATGATT 
llY'Ttv-Uall~lntletGIIJ)alGlnAld.JolGlnGly!b!:l-~lttatlle 
ACCACGGfflCCCTCCCAGTTGGGCGTACAGGCTGTTCOOGOAGCACIIIICATTATGATA 
TtrThrG I uProSecG lnLeuG I yValG I nA I dJa I GI nG 1\161 alelA-ie!LeNet I le 
TCTGAAAATRCTTATCATCCCATGTATTCGGTGTIGAATGTCmCCTCAflJGAmCCA 
SerO I t&n Thr T~ i sPt-ot1e t TyrSerVa I LeuAsnVa I PheProG I nG I if't',f:Rr -o 
TCGGAGAACOCCT~TCCCATGTRCTCCGTGCTGAATCTCTICCCGCAGGGAmCCG 
SerGlll\sr'iThrT.,.HisProtletT'FSerValleuAsnlet.i>heProGlnGlyPhePro 
• 
TTATTCATGCGTOAAACACGTTCTGGCATGTATTCCACAGCTCAGTATTATATTGGCACT 
Lal'hel'letfrgG I uThrfrgSerG I ~tT'FSerllrA~ I nl'Fl'F ~ I Y!oc 
CTATTCATGCGGGAAACCCOAT~TCT~T~TATTAT~T 
LeJlhelietfrgG I uThrfrgSerG I u..euT.,.Ser 1lrG I~ In l'F T\,J'A~ I aAsn 
IExon s 
• GTATIGGCTRTGCTGCCGGGCATGATTAT~TTICTAmGTIGTCAmGTTAT 
~L~ I afl!!Leti>roG I eJ1el 11 e 11 eG I thoPheleti>heVa I~ 11 eeysr.,. 
RTACTGOCTTTGCTGCCTOGCH10fl1AAIIGAGCCCCTOATRTTCGTCATAATCTGCIAC 
I lel•'H~hJ'letl lal leGhJ>roleul lePheUol I lel leCysTyr 
• 
TTTATCGCTGGCTT~ITTIATGCAffiGCTATAOCAGCCATOOCTGTTGTA !Q 
Phel leAlaGlyl~llrPheTyrAlaPheAlal leThrAlal leAldJalVal 
TGGCTGOCGGGTCTGAGATCCOCCffiTATGCCTTCGGffiTGOCTGCCATGTGTGTGGTG st 
Trpl.euThrG I ~ThrPhaTyrAI aPhafil.yC1g IThrAI~ I Ua I -
CTGGTGATGAATGTGGCTfa\GCATGTGGTTGffiCmTCGACGGCCTTCGATTCGGTA 
leulJaltlet.AsnValAlaThrAlaD,ISGlyCysPhePheSerThrAlaPheAspSerVat 
CTGGTGATGAATGTOGCCACOOCCTGCOGTTGCTICmTCCFCGGCCffiAATTCGGTG 
leulJaltlet.AsnValAlaThrAlaCysGlyCysPhePheSerThrAlaPheAsnSerVal 
CCOCTGGCCATGGCATACTTOGTGCCOOTCOATTATATATTCATOATfft;ATCTGGCATC 
Prol~ I atletA I aTy-'leulJa I ProVa I Asp T',1" I I ePhetlet I I e 1lrSerG I y I I e 
CCGCTGGCAATGGCTTRCTTGGTGCCCTTGGATTATATATTCATGATCACCTCGGGAATC 
Prol.~ I atletA I aTY"leulJa I Prol.~ T',1" I I ePhetle t I I e TtrSerG I y I I e 
!Exon 6 
ffiATTCAAATCB1T~TTGCCTATFO::AmTACTGGFCFCAATTCTTATCATGGATG 
Phe 11 eG In 11 eSer llrl.euPro 11 eA I aPhe&Trp ThrG I nPheleuSer Trptlet 
ffiATFCfflGTGAATTCGCTFCCB,TGGCGTITIGGTGGFCFCAATTCCTCTCATGGATG 
Phe I I eG I nOa I AsnSerleli>rolJa I A I aPhekf! Trp ThrG I nPhel.euSer Trptlet 
!Exon 7 
IIGTRTGCflltT~TGOCTGCTGCCCAFITGGACIOGTRTT~TRTCHClrGC 
LeuTyrAlaftsnGluAlaNetThrAlaRlaGlnTrpThrGlytleThrfsnlle~ 
CTGTATGCCAATGAGGCAATGACGGCTGCTCAATGGTCTGGroTGCAGAATRTPA:CTGT 
LeuTl,TAlaAsnGluAlatletThrAlaRlaGlnT~luUglGlnRsnlleTtrCys 
TTCGfft,AAAGTGAAAATTTGCCRTGITTICATRCGGGTCAOOATGTTCTAGATAAATAC 
PheG.J.yG I uSerG_LuAsnl~ I sThrG I yG I nAsplJa I La&plysT',1" 
TTTCffiGAGAGTGCCGOCTTGCCGTGCTTTCHCR;GGGTCAGGRTGTCCIOOACARGTFC 
PheGlnGluSerAl~isThrGlyGlnAs.pUoll.euAsplysl',1" 
RGTTTTAAAGAARCCAATRTCffiCGTAATCTCTTGGCTRTTGTTGGTRTTTRCTTTGGA 
SerPhel.ysG I uTtrftsn I I ePheArgflsrt.eul~ I a I I eVa I GI y I I e T':TfheG I y 
OCCTTCff03RGAGCAATGTCTATCGGAATTTACTGGCCATOGTGGGTCTTTRffiCGGA 
ThrPheAsnGluSerAsnlJalTYrfrgAsnleuleuAlatletValGly!:,euT':rf>heGly 
TTTCATATCTTGGGCTATTATTGCTTGTGGCGTRGGGCGCGCAAGATA 
PheH is 11 eleuG I yT\,J' T.,cysleuTrpfrgfrgA I ~ys 11 e 
TTCCATCTACTGGGATATTATTGCCTTTGGCGAAGGGCGCGGATG 
PheHisleul~lyT',1"T~euT~laffrg_ys!:eu 
TABLE 4.3: CODON PREFERENCE FOR THE TOPAZ AND SCARLET GENES 
TOPAZ 
AAA ( Lys) : 11 AAG ( Lys): 5 AAC (Asn); 0 AAT (Asn): 19 
ACA (Thr): 15 ACG (Thr): 3 AAC ( Thr) : 8 ACT (Thr): 9 
AGA ( Arg) : 7 AGG (Arg): AGC (Ser): AGT (Ser): 7 
ATA (Ile): 17 ATG (Met): 21 ATC (Ile): 9 ATT (Ile): 11 
CAA (Gln): 18 CAG (Gln): 8 CAC (His): 2 CAT (His) : 7 
CCA (Pro) : 10 CCG (Pro): 5 CCC (Pro) : 2 CCT (Pro): 4 
CGA (Arg) : 1 CGG (Arg) : 0 CGC (Arg): 5 CGT (Arg): 13 
CTA (Leu): 7 CTG (Leu): 6 CTC (Leu) : 3 CTT (Leu): 7 
GAA (Glu): 20 GAG (Glu): 2 GAC (Asp): 3 GAT (Asp): 21 
GCA (Ala): 8 GCG (Ala): 1 GCC (Ala): 14 GCT (A 1 a): 23 
GGA ( Gly): 6 GGG (Gly): 0 GGC (Gly): 8 GGT (Gly): 24 
GTA (Val): 10 GTG (Val): 12 GTC (Val): 3 GTT (Val): 11 
TAA (STOP): TAG (STOP): 0 TAC (Tyr): 6 TAT (Tyr): 22 
TCA (Ser): 6 TCG (Ser) : 6 TCC (Ser) : 3 TCT (Ser): 10 
TGA (STOP): 0 TGG (Trp): 7 TGC (Cys): 3 TGT (Cys): 9 
TTA (Leu) : 17 TTG (Leu) : 19 TCC ( Phe): 10 TTT ( Phe) : 30 
32% GC at third base position 
SCARLET 
AAA ( Lys): 4 AAG ( Lys) : 8 AAC (Asn): 9 AAT (Asn): 14 
ACA (Thr): 4 ACG (Thr): 13 ACC (Thr): 14 ACT (Thr): 2 
AGA (Arg) : 2 AGG (Arg): 4 AGC (Ser) : 2 AGT (Ser): 6 
ATA (Ile): 10 ATG (Met) : 18 ATC (Ile): 8 ATT (Ile): 12 
CAA ( Gl n) : 10 CAG ( Gl n): 19 CAC (His): 6 CAT (His) : 7 
CCA (Pro) : 1 CCG (Pro): 9 CCC (Pro): 7 CCT (Pro): 4 
CGA (Arg) : 7 CGG ( Arg) : 7 CGC (Arg): 6 CGT (Arg): 2 
CTA (Leu): 7 CTG (Leu): 28 CTC (Leu): 11 CTT (Leu): 8 
GAA (Gl u): 3 GAG (Glu): 18 GAC (Asp): 7 GAT (Asp): 14 
GCA (Ala): 8 GCG (A 1 a): 11 GCC (Ala) : 24 GCT (Ala): 6 
GGA (Gly): 15 GGG (Gly): 5 GGC (Gly): 12 GGT (Gly): 7 
GTA (Val): 3 GTG ( Va 1 ) : 20 GTC (Val): 8 GTT (Val): 4 
TAA (STOP): 1 TAG (STOP): 0 TAC (Tyr): 14 TAT (Tyr): 10 
TCA (Ser) : 5 TCG (Ser): 12 TCC (Ser): 7 TCT (Ser): 2 
TGA (STOP): 0 TGG (Trp): 9 TGC ( Cys) : 8 TGT (Cys): 4 
TTA (Leu): TTG (Leu): 11 TTC (Phe): 21 TTT (Phe): 18 
65% GC at third base position 
TABLE 4.4: THE AMINO ACID COMPOSITION OF THE TOPAZ AND SCARLET GENES 
(EXON 2 TO 7) 
TOPAZ 
Ala: 46 (8.3%) Arg: 27 (4.9%) Asn: 19 (3.4%) Asp: 24 (4.3%) 
Cys: 12 (2.2%) Gln: 26 (4.7%) Glu: 22 (4.0%) Gly: 38 (6.8%) 
His: 9 ( 1 . 6%) Ile: 37 (6.7%) Leu: 59 ( 10.6%) Lys: 16 (2.9%) 
Met: 21 (3.8%) Phe: 40 (7.2%) Pro: 21 (3.8%) Ser: 33 ( 5. 9%) 
Thr: 35 (6.3%) Trp: 7 ( 1. 3%) Tyr: 28 (5 .0%) Va 1: 36 (6.5%) 
SCARLET 
Ala: 49 (8.8%) Arg: 28 (5.0%) Asn: 23 ( 4. 1 %) Asp: 21 ( 3. 8%) 
Cys: 12 (2.2%) Gln: 29 (5.2%) Glu: 21 (3 .8%) Gly: 39 (7.0%) 
His: 13 (2.3%) Ile: 30 (5.4%) Leu: 66 (11.9%) Lys: 12 (2.2%) 
Met: 18 (3.2%) Phe: 39 (7.0%) Pro: 21 (3.8%) Ser: 34 ( 6. 1 % )
Thr: 33 (5.9%) Trp: 9 ( 1. 6%) Tyr: 24 (4.3%) Val : 35 (6.3%) 
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exception), in size (Table 4.5). Intron l, although not fully defined, is 
probably longer than 6 kb in topaz while it is only a few hundred base 
pairs in scarlet. Intron 2 is the only intron which is identical in size in 
the two genes, while intrans 3 and 4 in topaz are similar in size to 
intrans 4, and 3 in scarlet, respectively. Intrans 5 and 6 in topaz are 
considerably longer than the same intrans in scarlet, with the overall 
affect being that the topaz gene is about 4 times longer than the scarlet 
gene. The GC composition of the topaz intrans is lower than the scarlet 
intrans (Table 4.5) and in both genes is lower than that observed in the 
exons. 
4.2.4 Repeated sequences 
The presence of repeated sequences within the topaz gene region 
was identified first by hybridization (Chapter 3) and in this chapter was 
confirmed by DNA sequencing. The repeated sequences are located in introns 
1,5 and 6. ~Jhen judged by hybridization in.tensity (using nick-translated 
genomic DNA as the probe) , the 3. 2 EcoR l /Hind I II fragment of i ntron l 
appears to contain sequences which are highly repeated in the L.cuprina 
genome. Only "-600 bp of this fragment was sequenced (partly because no 
restriction sites convenient for subcloning were found that would cut 
within the fragment). The 300 bp of sequence coming downstream from the 
EcoRl site (-4100) contains a repeated sequence with an imperfect repeat 
unit 12bp long (see Figure 4.3 and Table 4.6); the sequence going upstream 
from the HindIII site (-840) does not show any internal repetition. Whether 
the 12 bp repeat is the only repeated sequence contained within this 
fragment or whether there are other families of repeated DNA in it as well 
is unknown and could only be established by further characterization. The 
TABLE 4. 5: THE INTRONS OF THE TOeAZ AND SCARLET GENES 
i ntron : length in bp 
1 
2 
3 
4 
5 
6 
Total % GC 
Topaz 
-v6000(?) 
109 
55 
183 
-vl700 
"'1050 
27 
Scarlet 
300(?) 
109 
185 
77 
59 
57 
38 
TABLE 4. 6: REPEATED SEQUENCES IN THE TOPAZ GENE 
Position 
(in Fig . 4. 3) 
-4100 to -3860 
2172 to 2578, 
2980 to 3010 
3024 to 4400 
3993 to 4427 
Repeat Most 
unit Common 
Intron in bp sequence 
12 TATNGNfTAGTC~ 
5 4 G TCTA, TGTA 
5,6 13 ACTTTT(T)(C)GTTCTT 
or 
14 
6 15 
Comments 
Sequence variations 
between repeats, 
organized in almost 
perfect tandem array 
Almost perfect tandem 
array 
Dispersed repeat; ( C) 
(T) sometimes missing 
or 
Some repeats organized in 
tandem, some are 
dispersed among other 
sequences. 
Examples of each type of repeat unit are underlined in Figure 4.3. 
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EcoRl/Sall fragment (-7.8 to -4 . 1) that probably carries exon 1 also 
contains repeated sequences (as judged by hybridization to Southern-blotted 
genomic DNA - data not shown). 
Intron 5 contains two different repeated sequences . One is a 4 bp 
simple repeat that is present in about 200 copies . (Although there is a 400 
, 
bp gap in the sequence (see Figure 4. 1 and 4. 3), as the repeat is present 
on both sides of the gap, in a nearly perfect tandem array, it is likely 
that it occupies the gap as well). The repeat is TCT~, or TATG and apart 
from a few positions where the repeat is interrupted by a different short 
sequence it appears to be in a perfect tandem array. Immediately following 
this repeat, on both sides of the Xbal site at +3454, another internally 
repeated sequence, with a longer and less obvious repeat unit, is observed 
(see Figure 4.3 and Table 4.6). The repeat unit is interspersed with 
non-repeated (but - very AT rich) sequences. Units of this repeat are found 
very close to the intron/exon boundary with exon 6 and also on the other 
side of exon 6, in intron 6; intron 6 also contains another, different, 
repeat unit.. The 1,.3 kb of Xbal fragment (+3336 to +4670) (which comprises 
I 
the latter part of intron 5, exon 6, intron 6 and part of exon 7) contains 
a sequence which is repeated "'20 ti mes in . the genome ( see the Southern 
blots of genomic DNA - Chapter 3), but whether it is one of the above two 
repeat uni ts which is present in other genomic locations is unknown. It 
could be either,or it could be a sequence which is present in only one copy 
in the 1.3 kb Xbal fragment but repeated elsewhere in the genome . Isolating 
other genomic clones that hybridize to this fragment and characterizing the 
basis for the homology would distinguish between these possibilities . 
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Hydropathy Analysis 
The prediction of the primary structures of the topaz and scarlet 
proteins from their DNA sequence does not by . itself provide much 
information about their conformation or function . Some structural features 
however can be deduced by hydropathy analysis which indicates whether 
particular amino acids are located in hydrophobic or hydrophilic regions of 
the polypeptide; nonpolar residues are preferentially located internally in 
globular proteins or are associated with membranes, whi 1 e po 1 ar residues 
tend to be associated with the aqueous environment at the surf ace of 
proteins (see Kyte and Doolittle (1982) for a general dicussion on the 
theoretical basis of this approach). The hydropathy analysis of the topaz 
and scarlet sequences is shown in Figure 4. 7. Windows of 7 or 19 amino 
acids were moved along the sequence and average hydropathies calculated for 
each window, with positive values indicating hydrophilicity and negative 
values hydrophobicity . As expected, the plots for the two genes are 
extremely similar, further sugesting they perform a similar function in the 
cell. The topaz protein, as has been noted for the scarlet protein (Tearle, 
1986), contains several strongly hydrophobic regions, indicative that the 
protein may be associated with a membrane. Close to the carboxy terminus, 
both proteins contain a highly hydrpphobic stretch of about 20 amino acids 
followed by a highly charged region at the carboxy terminus itself. This 
pattern is a typi ca 1 membrane-spanning structure and cytop 1 asmi c anchor 
sequence found in other membrane associated proteins ( Rose eL. al., 1980; 
Yost _et _al., 1983). 
FIGURE 4.7 
(a) 
(b) 
Hydropathy analysis of the topaz a'hd scarlet 
genes. Hydropathy values were averaged over 
windows of 7 residues (a and b) or 19 residues (c 
and d). 
The positions of the exons are marked . 
The proposed membrane spanning domains and 
cytoplasmic anchor at the C-terminus is shown by 
the broken line. 
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4.3 DISCUSSION 
4. 3. 1 The structure of topaz and scarlet genes 
The derivation of the exon/intron gene structures of the topaz and 
scarlet genes (proposed in Figure 4.2) is based primarly on the assumption 
that protein coding regions would maintain a higher level of sequence 
conservation (due to functional constraints) than the non-:-coding intrans; 
therefore the regions of strong homology, (over 80% at the predicted amino 
acid 1 eve l), between the two genes are 1 i ke ly to correspond to the exons 
while the intervening regions, which show marked differences in both their 
DNA sequence and length, are probably the intrans. Further support for the 
proposed gene structure is the presence at the exon/i ntron boundaries of 
consensus donor and acceptor splice sequences associated with intron 
splicing. In addition to the consensus sequence at their 3 1 ends, the 
intrans also show further characteristics of splicing acceptor regions, 
including the sequence ~T~AT found within 60 bp of the 31 i ntron junction 
and believed to be a splice signal and the absence of the dinucleotide AG 
in the region -:-3 to -19 from the 3 1 intron junction (Keller and Noon, 1985 
and see Figure 4.3); A scarlet cDNA clone was also isolated and sequenced 
(Tearle, 1986). This clone, which only carries a short insert, confirms the 
proposed exon 5, intron 6 and beginning of exon 6 (which defines one end of 
the cDNA insert). 
As outlined earlier, the question concerning the position of the 
first exon has only been partially resolved; in scarlet, Northern analysis 
indicates that the first exon is positioned in the 0.9 kb PstI/XhoI 
fragment (-3 .2 to -:-2.3). Analysis of the DNA sequence of this fragment has 
shown a number of open reading frames that could potentially code for the 
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first exon, the longest of which codes for 70 amino acids. In topaz, the 
first exon seems likely to be contained within the 2.6 kb SalI/XhoI 
fragment (-:7.8 to -:5.2), as it hybridizes weakly to subclone pstX / B0.9. 
Further restriction enzyme and hybridization analysis of this region in 
topaz is required to narrow down the region of homology and then DNA 
sequencing should show which of the open reading frames in the scarlet 
fragment corresponds to the first exon. Identification of exon 1 is 
important not only to complete the comparison and analysis of the primary 
structures of the topaz and scarlet proteins but also to permit comparisons 
of sequences upstream to exon 1 in the two genes; this could lead to 
identification of conserved regulatory signals. Such a comparison would be 
particularly interesting in light of the significant difference in GC 
composition found between topaz and scarlet. 
4.3.2 Codon preference 
There is a striking difference in the GC composition and codon 
preference between exons 2-7 in topaz and scarlet; topaz has only ~30% GC 
at third base position relative to ~60% in scarlet (Table 4.3). Biases in 
codon preference have been observed in many genes for which DNA sequence is 
available~ Although there is no clear answer as to why such biases exist, a 
number of common features are apparent. In E.coli strong correlations exist 
between the codon preference of genes, their level of expression and the 
level of tRNA species . In highly expressed genes, the preferred codons 
represent abundant tRNAs, a measure which is probably involved in energy 
saving rather than being involved in control of gene expression. This 
conclusion was reached following experiments showing that in vitro 
modifications p 1 acing strong promoters in front of genes enabled those 
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genes to be highly expressed, even when they contained rare codons (Holm, 
1986). A similar correlation between the levels of tRNA species and codon 
bias has been found in highly expressed genes in yeast, where the li kely 
level of expression of any gene can be predicted from its deduced codon 
usage (Sharp et_a1., 1986). In D.melaaogaster, pronounced codon bias was 
observed for a number of abundantly expressed genes, however the frequently 
used codons in D.melaaogaster are often different from those used in yeast 
(O'Connell and Rosbash, 1984) indicating that different species might have 
different pools of abundant tRNA species. In the eight abundantly expressed 
D .melaaogaster genes examined by O I Conne 11 and Rosbash ( 1984), the codons 
ATA, ACA and CGG were not utilized. In topaz, ATA and ACA are 
preferentially used over their synonyms ATC and ACC, but CGG is not used at 
all, while in scarlet, all three codons are utilized; ATA is slightly over~ 
represented compared with ATC, ACA is under-represented relative to ACC and 
CGG is highly utilized (Table 4.3). This abundant use of what are regarded 
as "rare codons" in D.melanogaster, would suggest that scarlet be placed 
among 1 owly expressed genes; such a p 1 acement is confirmed by Northern 
analysis in which the scarlet transcript has been found to be less abundant 
even than the wbite transcript (Tearle, 1986). In the case of L.cupriaa, it 
would be interesting to compare the codon usage of abundantly expressed 
genes with that of genes such as topaz or wbite, that are expected to be 
expressed at a low level. Such a comparison should soon be possible, when 
clones of the highly expressed L.cupriaa cuticle protein genes are 
sequenced (Skelly, 1985; A.J. Howells, pers. comm.) . 
Recently, a survey of mammalian cDNA sequences revealed a 
difference in codon usage pattern between genes expressed in liver and in 
muscle. This has led Newgard et _a1 ., (1986) to propose that codon usage, or 
more specifically %GC at the third codon position, is involved in tissue 
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specificity, and possibly regulates tissue specific expression. An 
extension of this interpretation would imply that genes that are expressed 
in the same tissues would have similar codon usages. Although this is true 
for scarlet and ~bite (Tearle, 1986) it is obviously not the case for topaz 
and scarlet even though they are expressed in the same tissues, suggesting 
that such an interpretation is probably not generally valid. 
The intrans 
The putative intrans in topaz and scarlet are located at identical 
positions along the gene, however they differ quite dramatically in length 
and even more fundamentally, by the presence of repeated sequences in some 
of the topaz i ntrons. This difference reflects the basic difference in 
genome organization observed between the two species, i . e-. the apparent 
short periodicity interspersion of repeated sequences in L.cuprina compared 
with the 1 ong peri odi city interspersion characteristic of D .melaaogaster 
(see Introduction, Section 1 .11). 
There is a strong corre 1 at ion in topaz between the presence of 
repeated sequences and the length of the intron. The three long intrans in 
topaz, 1, 5 and 6, are the ones that contain repeated sequences (determined. 
by hybridization and DNA sequencing). In the case of intrans 5 and 6, which 
have been nearly fully sequenced, the increased length in the topaz intron 
relative to the equivalent scarlet intron is primarly due to the presence 
of repeated DNA. Whether the ancestral gene from which topaz and scarlet 
have diverged also contained repeated DNA sequences, and the scarlet gene 
has 1 ost its repeats or whether topaz has gained its repeated DNA at a 
later stage in the evolution of these genes is unclear. Amplification and 
reduction in the copy number of repeated sequences have been reported even 
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in closely related Drosopbila species (Dowsett and Young, 1982), suggesting 
the latter possibility, of recent gain in topaz rather than loss in 
scarlet, is more likely. 
There are at least four different repeated sequences found in the 
intrans of the topaz gene . Of these, the 4 bp simple repeat present in 
· intron 5 has also been found in a variety of other organisms and is known 
as the 8km, or "Garden of Eden" repeat. The 8km sequence was first isolated 
as a minor satellite DNA fraction from the female of the Elapid snake, 
' Bungarus_fasciatus (Singh et_al ~, 1980) and was shown to be absent in males 
from the · same species. (In snakes the f ema 1 es carry the sex determining 
chromosome which is equivalent to the Y chromosome carried by males in most 
species) . Sequences homo 1 ogous to the 8km sate 11 i te were a 1 so found in 
genomes ·of birds, mammals as well as D.melaaogaster and often in 
association with _ the sex determining chromosome. This observation led to 
the suggestion that the 8km sequence is intimately involved in sex 
determination (Singh and Jones, 1982; Jones, 1983) . The 8km satellite is 
composed of a number of sequences, out of which only one sequence component 
is conserved in the other species described above; that sequence is the 
tetranucleotide TCT~ (Epplen et ._ al., 1982). Regions from D.melanogaster 
genomic clones which carry the 4bp simple repeat in tandemly arrayed blocks 
have been sequenced and TCTA was found to be the predominant sequence, 
although some TCTG repeats were present (Singh et _al., 1984 and Simpson, 
1984) . In the topaz gene, the repeat appears to be divided into two parts; 
the first is composed of what appears as a random mixture of the sequence 
TCTG or TCTA only. Unlike the situation in D.melanogaster, in topaz t,he 
TCTG tetranucleotide predominates~ The second part is composed of the TATG 
perfect repeat, which begins around nucleotide 2500 (Figure 4.2) and 
continues until the 400 bp gap in the sequence is reached . On the other 
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side of the gap, the TCTA repeat is present again. It therefore seems 
likely that the missing sequences consist of these repeats . 
It was noticed that although A-clones and plasmid subclones 
containing the Garden of Eden repeats appear stable, Ml3 subclones carrying 
the 1.,2 BamHl/XbaI fragment were stable only when the insert was in one 
orientation; when introduced in the opposite orientation (in order to 
sequence from the XbaI site toward the BamHl site, see Figure 4.1) the 
phage deleted the majority of the repeat, preventing completion of the 
sequencing of the intron. 
4. 3,.A A possible interpretation of the topaz and scarlet primary 
structure 
There is - a long way between having a deduced amino acid sequence 
avatlable for a protein and actually predicting its structure or function. 
The possi b 1 e ways a protein can fo 1 d are so numerous that it is not 
possi b 1 e to predict from the primary sequence the correct structure and 
even if the comp 1 ete structure is known, there is not enough information 
available yet correlating the structures with the functions of proteins to 
assign a specific function. 
Biochemical and genetic studies concerned with the ommochrome 
pathway have lead to some predictions about the function of the topaz and 
scarlet genes. They are thought to be involved in the transport and storage 
of the brown pigment and brown pigment precursors within and between 
tissues (Summers et . al . , 1982 and see Introduction, Section 1.5) . 
Examination of the hydropathy plots derived from the putative primary 
structures of the topaz and scadet genes (Figure 4. 7) revea 1 hydrophobic 
regions which could correspond to membrane-associated sections of the 
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protein and hydrophilic regions which could be associated with the aqueous 
environments present on both sides of a membrane . Such features might be 
expected if the topaz and scad et proteins are indeed i nvo 1 ved in the 
transport and uptake of xanthommatin and its precursors. A similar 
hydrophobicity profile has been found for the putative wbite protein from 
D.melanogaste'C (Tearle, 1986). 1tibite affects the ommochrome pathway in a 
similar way to topaz and scarlet and is also thought to be involved in the 
transport and uptake of pigments and pigments precursors (Summers et_al., 
1982); white, in contrast to topaz and sca'Clet, also affects the pteridine 
pathway. 
The question of the possible structure/function of the topaz and 
sca'Clet genes and of their comparison with the wbite genes from L.cuprina 
and o~rnelaoogaste'C will be discussed further in Chapter 7. 
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CHAPTER 5 
ISOLATION AND CHARACTERIZATION OF THE MUTANTS TOPAZ1 AND TOPAZ2 
5.1 INTRODUCTION 
Spontaneous ( and induced) mutati ans have attracted much interest 
because of their contribution to the understanding of gene function and 
regulation as well as their importance in evolution. Mutations have long 
been known to be associated with changes at the DNA l eve 1, and fo 11 owing 
t he introduction of recombinant DNA techniques, the molecular nature of the 
defect in many mutants of different genes has been analysed. Among the 
higher eukaryotes, D.melanogaster, maize and humans offer the most 
extensive genetic background for the study of mutation, as a wide range of 
mutants in these species has been genet i ca 1 ly characterized and mapped. 
However the number of spontaneous mutations so far analysed (even in 
D.melanogaster) is probably not sufficiently high so as to have fully 
exposed the range of DNA defects which can be involved in the generation of 
a mutant phenotype. 
One consistent pattern which has emerged, ( but which could change 
as more genes are isolated and studied) is that in D.melanogaster about 50% 
of spontaneous mutations are associated with the insertion of transposable 
elements (Spradling and Rubin, 1981; Bender et al., 1983; Zachar and 
Bingham, 1982). In maize, mutations associated with the insertion of mobile 
elements have also been found (for example Burr and Burr, 1982; Strommer et 
~., 1982; Sutton et al., 1984), however their relative contribution to the 
over a 11 1 eve 1 of spontaneous mu tat i ans has not yet been determined. In 
humans, on the other hand, no mutations have been found so far to be caused 
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by insertion of transposable elements or of dispersed repeats such as the 
Alu sequences (which are now believed to be mobile - see Section 1.11. ) 
Among the mutations examined in humans, the e-tha l assaemi as are perhaps 
some of the best studied because their clinical effect enables clear 
identification. DNA sequencing of 10 independent alleles has revealed that 
the e-thalassaemia defect can be due to a large deletion which removes part 
of the 8 and o globin genes (Lepore heamoglobin), to small DNA deletions 
which cause frame shift mutations or simply to single base substitutions 
which create stop codons in the protein coding region or affect RNA splice 
sites (Orkin et al., 1982a; Orkin et al., 1982b). It will probably be some 
time before the role of transposable DNA sequences in the generation of 
spontaneous mutations in humans and other organisms can be fully assessed. 
Transposable elements and eye colour genes 
The nature of spontaneous mutations in four cloned eye colour 
genes from D.melanogaster (rosy, white, vermilion and scarlet) has been 
investigated and each system characterized to different extents. In the 
case of rosy, 4 out of 6 spontaneous mutants examined are associa~ed with 
insertions of mobile elements (Cote et al., 1986). Four spontaneous 
vermilion mutants have been studied using Southern blot analysis. Three of 
these mutants were found to be associated with the insertion of 
transposable elements, while one showed no detectable change. It appears 
that two of the vermilion mutants are caused by the insertion of the 412 
transposable element into the same location in the gene, suggesting that 
there might be an insertion "target site" within the vermilion gene (Walker 
et al . , 1986a, Searles and Voelker, 1986). The white locus is particularly 
suitable for such an analysis as a relatively large number of spontaneous 
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mutations, affecting eye pigmentation to various extents, are available. 
Zachar and Bingham (1982) have analysed seventeen spontaneous white mutant 
alleles (some of which arose from other unstable white mutants). They found 
that eleven of these mutants are associated with the insertion of non-white 
DNA sequences; most of these sequences were subsequently shown to be 
transposable elements (O'Hare et al., 1984). Among the exceptions were the 
~sp2 mutation, that was found to have a small deletion as well as the 
insertion of non~white DNA sequences, ~Bwx, which has a small deletion and 
four other mutants that were not associated with any change detected at the 
level of Southern blot analysis. In D.similans, 5 out of 7 white mutants 
are associated with DNA insertions which probably involve transposable 
elements; one mutant is caused by a deletion and one has no detectable 
change (Inoue and Yamamoto, 1986). Si nee the over a 11 number of mobile 
elements is lower- in D.similans relative to D.melanogaster, this result 
i ndi'cates that it is not the abso 1 ute number of e 1 ements in the genome 
which determines their contribution to the generation of mutation. Three 
spontaneous scarlet mutants have been examined by detailed Southern b 1 ot 
analysis of their genomic DNA. Two of these mutants have insertions of 
non-scarlet DNA sequences within the gene region; one insertion is in the 
putative 5' regu 1 atory region and the other insertion in exon 4. Both of 
these mutants have altered transcription patterns consistent with the 
insertions being the cause of the mutations. In the third mutant, some 
changes in its restriction map were detected, however these were thought to 
be due to polymorphism and not actually associated with the mutation itself 
(Tearle, 1986). 
The relatively high proportion of transposable elements associated 
with eye colour gene mutations raises the question of whether certain genes 
contain preferred target sites for the insertion of transposable elements. 
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The answer is not yet known with certainty, however certain genes have been 
shown to be "favoured" targets for transposable elements; for example, the 
singed locus in D.melanogaster has a high frequency of P-e l ement insert ions 
(Rubin et al., 1982). When the chromosomal positions of different mobile 
elements, after induction of a simultaneous burst of transposition, was 
examined by in situ hybridization, a preference by various elements for 
particular chromosomal sites was observed (Gerasimova et al., 1984). This 
apparent presence of preferred target sites for the insertion of 
transposable elements should caution against interpretations regarding the 
role of transposable elements in the generation of spontaneous mutations in 
organisms where only a few genes have been examined, si nee those genes 
might have been unfavourable for insertions and not be truly representative 
of the genome in general. 
Spontaneous mutations in L.cuprina: the topaz mutants 
In L.cuprina many spontaneous mutations have been identified and 
gen et i ca 1 ly mapped ( Maddern et a 1 . , 1986). However at the ti me that this 
work commenced, nothing was known about the presence of transposable 
elements in this species or about the molecular nature of the mutations. A 
major aim of the work was to improve our understanding in these areas. 
There are two spontaneous topaz mutants available, called topaz 1 
and topaz2 both of which were isolated in 1973 (for their affects on the 
ommochrome pathway see section 1.6). Topaz 1 was found as a group of yellow-
eyed flies which developed from larvae collected in the field from a struck 
sheep; topaz2, which has parti a 1 ly pigmented orange eyes, appeared in a 
laboratory stock which had been established from field flies caught in 
1972 . Unfortunately more details about their origin are not available; in 
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particular, there is no information concerning the progenitor 1 i nes from 
which the mutants have arisen (G.G. Foster, pers. comm.). The mutant lines 
available today have been out-crossed over the years with other stocks to 
avoid reduction in fitness (see section 3.3.3). The mutants alleles were, 
of course, continually selected on the basis of their phenotype. 
Having established the molecular background information concerning 
the wi 1 d-type topaz gene, the system 1 ends itself to study of the two 
spontaneous mutants, topaz1 and topaz2. This chapter describes the 
experiments designed towards the isolation and initial characterization of 
these two mutant genes. 
5.-2 RESULTS 
5. 2. l Southernolot analysis of topaz1 and topaz2 mutant DNA 
The initial step in studying the two topaz mutants was to examine 
the genomic organization of topaz DNA in the two mutant lines by Southern 
blot analysis. Subclone ptoHS2.7 (which contains only unique sequence DNA) 
was used to probe a Southern blot containing Hi ndII I-cut genomic DNA 
prepared from SWT, topaz 1 and topaz2 flies (Figure 5. 1 ) . In the SWT 1 ane 
the various polymorphic forms of the topaz gene are detected. In the mutant 
lanes, hybridization is observed to a 5 kb and an 11 kb fragment for topaz1 
and topaz2 respectively. 
The presence of restriction fragment length polymorphism and 
restriction site polymorphism in wild-type strains, coupled with the fact 
that the progenitor strains in which the mutations arose are unavailable, 
, limits the information that can be gathered from such an experiment. 
Without the progenitor strains, it is difficult to establish whether the 
FIGURE 5. 1 
(a) 
The genomic organization of the topaz gene region in t he 
mutants topaz 1 and topaz~ 
(a) EtBr-stained gel of genomic DNA from SWT, topaz1 and 
topaz2 digested with the restriction enzyme HindIII. 
( b) Autoradi ogram of a Southern blot of gel (a), probed 
with subclone ptoHS2.7 ~ 
(Nick translated probe; high stringency hybridization) , 
(b) 
wt to1 to2 kb 
-11 
-5 
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changes observed between the mutants themselves, or between the mutants and 
wild type are due to the presence or absence of a restriction site 
following a single base pair substitution or whether these changes 
represent substantial insertions or deletions of DNA sequences . It does 
however show that the two mutants are different from each other at the DNA 
level , and that there is no polymorphism in the mutant lines, as these 
lines are continually selected for the mutant allele through its phenotype. 
It also shows that whereas the band in topaz2 DNA is very similar in size 
to one of the major polymorphic forms in SWT, the band in topaz 1 is not. 
Although Southern blot analysis using a range of probes covering the whole 
gene region might have been informative in the study of the genomic 
organization of the mutant genes, the presence of repeated sequence DNA 
within the topaz gene limits the extent to which this approach can be used. 
It was decided that cloning the mutant genes would be more beneficial for a 
detailed analysis, and further Southern blots using genomic DNA of the 
mutants were used mainly to confirm that the organization of the DNA in the 
isolated genomic clones was the same as that of the genomic DNA. 
5.2.2 The i sol ati on and characterization of cl ones carrying the topaz 1 
and topaz2 genes 
Genomic libraries were prepared from topaz 1 and topaz2 adult DNA. 
Initially, 60,000 topaz 1 and 30,000 topaz2 recombinant phage were screened 
1 2 . t. 1 using subclone ptoHS2 . 7 as a probe. Four topaz and one topaz pos1 1ve Y 
hybridizing phages were isolated, plaque purified, amplified and their DNA 
prepared. 
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5.2.3 Restriction maps 
The topaz1 clones 
The restriction maps of the topaz 1 c1ones were established as 
described for the mapping of the wild type topaz gene (Section 3. 2. 2) . An 
example of a gel containing >-. to 14 DNA digested with various enzymes is 
shown in Figure 5.2. The fragment sizes obtained show very little 
similarity to those of the wild type topaz gene. There is also a region in 
the cloned DNA which appears to be unstable in the phage, a smear of 
fragments being observed rather than a single band (see, for example, lane 
4 in the enlarged photograph Figure 5. 2b, in the 4 to 6 kb range) . This 
will be further discussed later. The restriction maps (Figure 5.3b-e) show 
that all four phage DNAs overlap, covering a region of about 30 kb. 
The topaz2 clones 
The restriction map of the topaz2 clone >-.to 22 is given in Figure 
+ l 2 5.3f. By comparison with the topaz and topaz maps, it is clear that >-. to 2 
does not contain the entire topaz2 gene but is missing sequences from the 
+ 3' region (i.e. beyond co-ordinate 2.1 in topaz ) . In order to try to 
isolate clones carrying the missing region, two additional topaz2 genomic 
DNA libraries were constructed in the vector EMBL4. One library used DNA 
partially digested by Sau3A and the other BamHl-di gested DNA. (Southern 
blots of topaz2 genomic DNA digested with BamHl and probed with the 0.6 kb 
XbaI fragment (4.6 to 5.2 in topaz+), which contains exon 7, showed a 
fragment of about 14 kb (data not shown), which is an ideal size for 
directly cloning into the >-. vector using size-fractionated DNA). In all, 
FIGURE 5.2 Restriction enzyme analysis of the topaz1 clones. 
(Example, clone Ato 14). 
(a) EtBr-stained gel. DNA from clone Ato 14 was 
digested with the following restriction 
enzymes S, Sall; S/B, SalI+BamHI; B, BamHI; 
S/E, SalI+EcoRI; E/B, EcoRI+BamHI; S/H, 
SalI+HindIII; H, HindIII; H/B, 
HindIII+BamHI; H/E, HindIII+EcoRI. 
Marker - A/HindIII 
(b) An enlarged photograph of part of gel (a) 
focussing on the region of deleting DNA . 
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FIGURE 5.3 Restriction maps of the topaz
1 
and topaz2 clones. 
All clones are carried in the vector EMBL3A; the 
Sall site, (S) at the ends of all inserts come 
from the poly7linker of the vector. 
Restriction enzymes used: E, EcoRI; H, Hindlll; 
B, BamHI; S, Sall; X, Xbal (Xbal sites were 
determined only for the +1 .0 to +7.0 region in 
>.to171) ·. 
The broken line in clones >.to11, >.to14 and >.to15 
represents the deleting region (see Figure 5.2). 
Clone >.to22 extends only up to the (s) site at 
+2.0. The broken line represents the position of 
Xbal sites deduced by Southern blot analysis of 
topaz2 genomic DNA (see Figure 5.4). 
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about 250,000 recombinant phage were screened using subclone ptoX0 .6 as q 
probe, however no positively~hybridizing phage were detected . 
To ensure that the libraries did contain sequences from the topaz 
region, dup 1 i cate f i 1 ters of the screen described above were probed with 
subclone ptoHS2.7. Eighteen positive signals were detected and five of 
these were picked for further purification; only two of the five rescreened 
as positives and have been purified. By extrapolation, it can be assumed 
that about seven or eight of the eighteen positives from this screen would 
be true positives and contain some topaz2 sequences (although missing the 
3'~ end sequences). This figure is within the range expected for "positive" 
clones as predicted from the genome size and from previous library screens 
for topaz+ and topaz1 sequences. The lack of topaz2 clones carrying 
sequences from the 3' end of the gene suggests that this region is 
under-represented - in the 1 i brary, perhaps because of the presence of a 
sequence unfavourable for cloning. This will be considered further in the 
Discussion. 
In the absence of A-clones carrying the missing region, the 3' end 
of the gene was mapped by probing Southern blots of genomic DNA from topaz2 
with various fragments from along the topaz+ gene. Some examples of these 
blots are given in Figure 5.4 and the deduced restriction map of the topaz2 
region is shown in Figure 5.3f. 
5.2 .4 Homo logy to the wild type topaz gene 
The homologies between the topaz+ gene and the topaz 1 and topaz2 
clones were examined by using the various topaz+ subclones and nick trans-
lated L_cupriaa genomic DNA to probe Southern blots containing DNA from the 
mutant A-clones and by comparing their restriction maps (Figure 5.5) . The 
FIGURE 5.4 The genomic organization of fragments from the 
+ 1 dt 2 . topaz , topaz an opaz gene regions. 
Autoradi ograms of Southern b 1 ots of SWT, topaz 1 
and topaz2 genomic DNA: 
(a) Digested with EcoRI and probed with subclone 
ptoEBl. 2 
(b) Digested with EcoRI+XbaI and probed with 
subclone ptoES0.9 
(c) Digested with BamHI and probed with subclone 
ptoES0.9 
(d) Digested with Xba l and probed with subclone 
ptoXl.3 
(Ml3 probes; high stringency hybridization) 
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FIGURE 5. 5 
+ 1 2 The homology between topaz, topaz and topaz 
(a) An autoradiogram of a Southern blot of the 
gel shown in Figure 5.2 (clone Ato14) probed 
with ptoHS2.7. 
( b) An autoradi ogram of a Southern b 1 ot of the 
same gel as in (a) probed with nick 
translated genomic L_cuprina DNA . 
(c) Left: EtBr stained gel of clone Ato22 
digested .with the restriction enzymes listed 
below. 
Right: An autoradiogram of the gel on the 
left probed with ptoHEl.8. 
(d) Schematic representation of the regions of 
shared homo 1 ogy between topaz+, topaz 1 and 
topaz2 (next page). 
Marker - A/Hindlll. 
Restriction enzymes used: Ss Sall; E, EcoRI; B, 
BamHI; H, HindIII; X, Xbal; S/E, SalI+EcoRI; S/8, 
Sall+BamHI; S/H, Sall+HindIII; E/8, EcoRI+BamHI; 
E/H, EcoRI+HindIII; H/8, HindIIl+BamHI . 
(Nick translated probes, 
hybridization). 
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homologies between the three alleles appear to be co-linear along most of 
the gene, with a number of exceptions. In the first case, the 3. 2 kb 
+ EcoRl/Hind III fragment from topaz (-4.0 to -0 .8 ) appears to be larger i n 
the topaz 1 clone, although its exact size in the mutant clone is hard to 
establish because it is this fragment ( and fragments which contain it ) 
which gave the smear of fragment sizes on the gels, Secondly, the 1.8 kb 
HindIII/EcoRl (-0.8 to +l.0) fragment in topaz+ hybridizes to a 3.1 kb 
region in topaz 1 There appears to be an interruption in the region of 
homology, pointing to the presence of al .3 kb DNA insertion. In topaz 2 the 
hybridization is to a 2.7 kb region indicating a 0.9 kb insertion. Finally, 
+ the 1.2 kb BamHl / XbaI fragment in topaz (2.1 to 3.3) is only 0.7 kb in 
length in topaz 1, indicating a 500 bp deletion in the mutant DNA, while in 
topaz 2 the equivalent fragment is 3.4 kb (as deduced by Southern blotting -
see Figure 5.4), - pointing to a 2.2 kb insertion in that region . Without 
having cloned this topaz 2 fragment it cannot be determined whether the 
change in length is caused by an insertion of different DNA sequences or 
possibly to an increase in copy number of the "Garden of Eden" sequence 
(which is located in this region in topaz+ see section 4.2.4). It seems 
unlikely that the apparently longer fragment is due to a restriction site 
polymorphism involving the loss of an Xbal site, since the two Xbal 
fragments downstream (l .3 and 0.6 kb) appear to be the same as in the wild 
type gene (Figure 5.4). 
A common feature of the fragments discussed in the first and 
second points above is that in topaz+ they contain tandemly repeated DNA 
+ 
sequences . The 3.2 kb EcoRl / HindIII fragment of topaz was shown in the 
previous Chapter to contain at least one type of repeated sequence, 
. l . l 
organized in a tandem array . The equivalent fragment 1n topaz 1s arger, 
perhaps due to a different copy number of these repeated sequences. As 
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mentioned above, it is this restriction fragment (and others that contain 
it) that appears to be unstable in the topaz1 phage, perhaps due to varying 
deletions of the repeats during propagation. The l .2 kb BamHl /XbaI fragment 
of topaz+ contains a tandemly arrayed block of the "Garden of Eden" 
sequence (4 .2.4). Here again the apparent deletion seen in topaz 1 could be 
the result of a difference in repeat copy number between the wild type and 
mutant strains. To ensure that this change in fragment size is genuine and 
not a cloning artefact (as only one phage covering this region was 
isolated), subclone ptoES0.9 was used to probe a Southern blot of genomic 
DNA double digested with the restriction enzymes EcoRl/XbaI (Figure 5,4b). 
The result clearly shows the predicted 2.3 kb fragment in the SWT lane 
(plus other polymorphic forms) and the l .8 kb fragment in topaz 1. 
In addition to these changes in fragment length, there appear to 
be a number of aaditional restriction sites in the DNA of the mutants which 
are . absent in the wild type, namely a BamHl site at position :-0,9 (only in 
topaz 1), EcoRl sites at positions -0.3 and 3.7 (the later only in topaz 1), 
and a HindIII site at position 4.3 (only in topaz 1). When the positions of 
the changes in restriction sites between mutants and topaz+ are examined 
with reference to the topaz+ i ntron/exon gene structure proposed in the 
previous Chapter, it appears that all changes occur in intron regions . 
5.2.5 Further studies on the putative topaz 1 and topaz2 insertion 
sequences 
Topaz1 
The presence of a DNA insertion associated with the topaz 1 gene 
suggests the possibility that a transposable element type sequence might be 
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involved. As described in the Introduction (Section 1. 12.l), there are a 
number of features associated with transposable elements; the topaz1 
insertion was investigated for the presence of these features . The regi on 
with the insertion contains a BamHl and an EcoRl restriction sites, making 
it convenient to obtain sequences from it in two subclones - pto1HB1 .2 and 
pto1BE0 .6 (Figure 5.6) 
To examine whether the insertion sequences are repeated elsewhere 
in the genome a Southern blot of topaz1 genomic DNA digested with various 
restriction enzymes was probed with subclones pto1BE0.6, and pto1HB1 .2. 
With subclone pto1BR0.6, about 50 discrete bands of hybridization are 
obtained (Figure 5~7a) showing that it contains a sequence which is 
repeated about 50 times in a dispersed fashion in the genome. Thus it shows 
one of the characteristics of transposable elements. To test for possible 
transposition as indicated by changes in the size distribution of 
restriction fragments between stocks, subclone pto 1BR0.6 was used to probe 
a Southern blot of genomic DNA prepared from different L. cupri oa strains 
and geographical isolates (Figure 5.7b). Some of the bands appear constant 
in the different lanes, while others seemed to have changed. This could 
suggest transposition of the sequence, but could also be a result of 
restriction site and restriction fragment length polymorphism between the 
various strains. 
Subclone pto 1HB1.2 contains a sequence which is repeated at a 
higher copy number in the genome, judged by its intense hybridization to a 
wide size distribution of restriction fragments (Figure 5.7c). To estimate 
the approximate number of copies of this repeat sequence in the genome, 
subc lone pto 1 HB l . 2 was used to probe filters of a wild type L_cuprioa 
genomic DNA library. By determining the percentage of positively 
hybridizing plaques the sequence in subclone ptolHBl .2 was estimated to be 
FIGURE 5.6 The subcloning of fragments containing the 
insertion DNA from topaz 1 and topaz2 
(a) The restriction map of clone Ato 14; the 
subclones derived from the region containing 
the insertion DNA are shown . 
(b) The restriction map of clone Ato22; the 
subclone derived from the region containing 
the insertion DNA is shown. 
Restriction enzymes used: E, EcoRI; B, 
BamHI; H, HindIII; S, Sall, The Sall sites 
(S) are derived from the polylinker of the 
vector EMBL3A . 
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FIGURE 5. 7 Hybridization of pto1BE0.6 and pto1HB1.2 to 
L.cuprina genomic DNA. 
(a) An autoradiogram of a Southern blot of 
topaz 1 genomic DNA digested with the 
restriction enzymes listed below and probed 
with subclone pto1BE0 .6. 
(b) An autoradiogram of a Southern blot of 
genomic DNA prepared from different 
L.cuprina strains digested with the 
restriction enzyme HaeIII and probed with 
subclone pto1BE0 .6. 
MBRS, Vic and Gibson are wild type L.cuprina 
strains isolated from various geographical 
locations within Australia. Pink is a strain 
carrying an eye colour mutation resulting in 
pink eyes . 
( c) An autoradi ogram of a Southern blot of SWT 
genomic DNA digested with the restriction 
enzyme HindIII and probed with pto1BH1 .2. 
' 
Restriction enzymes used: Hp, HpaII; Ha, · HaeIII; 
Su, Sau3A; B, BamHI; H, HindIII; E, EcoRI. 
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present at about 4,000 copies per genome. 
These results point to the presence of at 1 east two different 
repeat uni ts within the 1 . 3 kb region of the inserted DNA in t he t opaz 1 
gene . 
Iopaz2 
To examine whether the insertion in topaz2 also contains repeated 
sequences, subclone pta2HE1 .3 (Figure 5.6) was used to probe a Southern 
blot of SWT genomic DNA digested with various restriction enzymes (Figure 
5.8). Given the smear of hybridization obtained, the insertion appears to 
contain a sequence repeated at least a few hundred times in the genome in a 
dispersed fashion. 
5.3 DISCUSSION 
The study of mutant genes, with the aim of identifying the nature 
of the mutation, can be done at a number of different 1 eve 1 s. When the 
progenitor line from which the mutant has arisen is available, Southern 
blot analysis of the mutant and progenitor DNA identify DNA rearrangements 
providing they i nvo 1 ve fragments 1 onger than 100 bp.. In the absence of the 
progenitor line, sequence polymorphism can make it impossible to interpret 
the results. Such analysis is also of limited use in the case of mutations 
due to small insertions, deletions or base substitutions unless they affect 
restriction enzyme sites and hence cause appreciable changes in restriction 
fragment lengths. The next level of study involves cloning the mutant gene 
and comparing it to the wild type allele by restriction mapping, followed 
by DNA sequencing to ensure identification of every possible change between 
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The hybridization of pto2HE1 .3 to L_cuprina genomi c DNA. 
(a) EtBr stained gel of SWT DNA digested with the 
restriction enzymes: E, EcoRI; H, HindIII; Ha, HaeIII; 
Hp, HpaIL 
(b) An autoradiogram of a Southern blot of gel (a) probed 
with subclone pto2HE1 .3. 
Marker - A/Hindlll. 
Note that the order of lanes in (b) is in the opposite 
orientation to that in (a). 
(Nick translated probe, high stringency hybridization) . 
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the two alleles. Here again sequence polymorphism can greatly hinder 
interpretation as to what actually has caused the mutation, and the use of 
transcript analysis and gene transformation techniques might be necessary 
in order to provide a definite answer. 
5r.;3. l The topaz1 and topaz2 genes 
In this chapter, the preliminary work towards the characterization 
of the topaz 1 and topaz2 mutants was described. The genomic organizations 
of the mutant established and compared to that of the + genes were topaz 
a1lele. In the case of topaz 1, this was achieved by isolating _A-genomic 
clones spanning the entire gene, restriction mapping, establishing 
homologies with topaz+ fragments and confirming the proposed organization 
by Southern blot analysis of mutant genomic DNA .. In the case of topaz2, not 
all ·of the gene was cloned, so part of the genomic organization could only 
+ be determined by Southern blot analysis using a range of probes from topaz 
and appropriate digestions of genomic DNA from topaz2 
These comparisons of the three genes have shown that there are a 
number of changes in the DNA of the mutants relative to the wi 1 d type 
allele. These changes include the presence of restriction sites in the 
mutants that are not present in the wild type gene, DNA insertions in the 
distal end of what is probably intron l in both mutants, two deletions in 
topaz 1 (both in intron 5) and another insertion in topaz2 (in intron 5 as 
well). Whether these changes include all the changes that exists between 
the mutant and the wild type a 11 el es, and whether any of these changes 
contribute to, or cause the mutant phenotype is unknown. 
A 11 of the changes listed above appear to be in i ntron regi ans, 
where restriction site or restriction fragment length polymorphisms might 
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be to 1 erated ( un 1 ess they affect sequences necessary for accurate i ntron 
splicing or gene regulation). Without DNA sequence information i t can not 
be determined whether the appearance of new restriction sites in the 
mutants is due to single base substitutions or to other DNA rearrangements 
such as small insertions or deletions . The deletion observed in the topaz 1 
gene within the BamHl / XbaI fragment (+2 ~1 to +3.3) occurs within a region 
which in topaz+ is composed almost entirely of a tandemly arrayed simple 
sequence; this is the same fragment which appears larger in the topaz2 gene 
(as judged by Southern blot analysis - see Figure 5.4) suggesting it might 
represent a fragment 1 ength polymorphism brought about by an increase or 
decrease in the copy number of the simple repeat . 
5.3.2 The DNA insertions 
The two DNA insertions found in the mutants, (1 .3 kb in topaz 1 and 
0.8 kb in topaz2), have been studied to a somewhat greater extent than the 
other changes. Both insertions contain sequences which are repeated 
elsewhere in the L.cuprina genome. The insertion in topaz 1 appears to be a 
composite sequence. Sequences from its right hand side (-0.9 to -0.3) are 
repeated about 50 times in the genome and show different genomic 
distribution in different L.cuprina geographical isolates, indicating that 
it might be a transposable element; the left hand side of the insertion 
(:-2.1 to -0.9) contains a sequence repeated thousands of times in the 
genome . One possible interpretation of these finding is that a double 
insertion has occurred; there might have been an insertion within an 
insertion. The insertion in topaz2 also contains sequences which are 
repeated in the Locuprina genome at an estimated frequency of a few hundred 
copies. 
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The fact that the insertions from the two mutants are located at 
the same region in the gene is open to several interpretations which are 
not mutually exclusive: (i) this region could be a target site for ONA 
insertions and the insertions observed in topaz 1 and topaz2 are the result 
of independent events, (ii) the apparent insertions simply represent 
restriction fragment length polymorphism, are present in other wild type 
a 11 e 1 es and have no effect on phenotype, and (iii ) the insertions are 
associated with the mutation itself and perhaps topaz2 is a partial 
revertant of topaz 1 caused by the partial excision of the topaz 1 insertion, 
resulting in some restoration of brown pigment production. ONA sequencing 
of the cloned mutant genes (presented in the following chapter) will 
address some of the questions raised by the comparison of the wild type and 
mutant topaz alleles and provide more information about the nature of the 
insertion sequen-ces. 
5.3.3 Regions which have not been analysed 
In the cases of both topaz 1 and topaz2, the analysis of the gene 
has not included the first exon and the larger part of the first intron. As 
discussed in the previous Chapter the position of the first exon is still 
speculative and the results concerning its putative location were obtained 
too late to be extended to the mutant genes. Therefore work concerned with 
sequences 5' to the HindIII site at position (-2.l) in topaz 1 or position 
(-:-1.7) in topaz2 was limited. (In fact, attempts to subclone this deleting 
region in topaz 1 have failed). 
As for topaz2, only part of the gene was successfully cloned, and 
in spite of constructing and screening three different topaz2 genomic 
libraries and over 10 genome equivalents of recombinant phage, exons 6 and 
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7 could not be recovered; this suggests that there are sequences associated 
with this region of the gene which are unfavourable for cloning. 
Under-representation (or perhaps no representation) of certain sequences in 
L. cupri na genomic libraries appears to be quite common and this is the 
third example which has been encountered during the work described in this 
thesis. The first two examples (discussed in Chapter 3) are (i) the lack of 
representation of certain topaz+ alleles in the SWT library, even though 
their presence in the same DNA that was used to prepare the library had 
been shown by Southern blot analysis, and (ii) the absence of sequences 
homologous to the vermilion gene (presumably the coding regions of 
yellowish) in the SWT library, while again these sequences were shown to be 
present in the genomic DNA by Southern blot analysis. 
In the case of the topaz gene, the fact that there are sequences 
associated with this gene which interfere with phage growth became apparent 
wheri the poor growth of the topaz+ phage was observed. Additionally, in the 
topaz 1 clones there is a region which is unstable during phage growth and 
which deletes part of its sequences; highly repeated DNA sequences are 
located in this region i ndi cati ng that they may interfere with the phage 
replication. Instability of phage and plasmids carrying repeated sequences 
has been encountered by other workers, for example, during the cloning of 
D. me l anogaster sate 11 i te DNA sequences ( Lohe and Brutlag, 1986), of the 
wallaroo satellite sequences (E.S. Dennis, pers. comm.) and of the foldback 
insertion in the "!!..c allele of D.melanogaster (Collins and Rubin, 1982); in 
severe cases they could presumably cause sequences to be unclonable. The 
region in topaz2 which could not be cloned is likely to contain a stretch 
composed of tandem repeats of the "Garden of Eden" sequence. Si nee these 
+ d l · t sequences are present in the equivalent position in topaz an topaz, , 
is possible that the increase in size of the BamHl /XbaI fragment from this 
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region in topaz2 could be due simply to an increase in the number of copies 
of the "Garden of Eden" sequence. Alternatively, it could be due to the 
presence of another sequence; whatever the explanation, it is likely that 
it is the presence of these additional sequences which interfere with phage 
propagation to an extent that causes that region not to be represented in 
the library. Examination of the restriction maps of the four topaz1 clones 
shows that three of them (Ato 11, Ato 14 and Ato 15) end at the same position 
as Ata22, while only one clone spans the 3' end of the gene, indicating 
that even in topaz 1 this region is somewhat under-represented. 
In order to complete the analysis of the changes in the topaz2 
gene, further attempts will need to be made to clone the missing region. 
Strategies which could be used, include a change in the vector or the host 
used for cloning. Leach and Stahl (1983) have shown that the stability of 
phage carrying perfect palindromes can be increased by using a host 
deficient in the recBC and sbcB products, two exonucleases involved in 
recombination. Bucheton et _al. (1984) have successfully used this type of 
host to clone sequences that were unobtainable using other cloning systems . 
Alternatively, cloning smaller fragments into a plasmid vector might 
circumvent the sequences actually interfering with the cloning process. 
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CHAPTER 6 
THE ANALYSIS OF THE TOPAZ1 AND TOPAZ2 GENES BY DNA SEQUENCING 
6. l INTRODUCTION 
The isolation· and initial characterization of the topaz1 and 
topaz2 mutant genes has revealed a number of changes both with respect to 
wild type and between the mutant a 11 el es themselves . The presence of DNA 
insertions within the gene region of the mutants raises questions about the 
nature of these sequences, in particular whether they are examples of 
L.cuprina transposable elements . Genetically, topaz1 and topaz2 are stable 
mutants as no revertants have been observed since they were first found, in 
1973. If indeed the mutants I phenotype is caused by the insertion of 
transposable elements, these elements do not have a high rate of 
transposition, but could perhaps be identified by the presence of 
structural features associated with transposable elements that have been 
characterized in other species, i.e. the presence of terminal repeats and 
the duplication of the integration target site. The insertions are not the 
only difference between the wild type and the mutant alleles; additional 
restriction sit~s are found in the mutants and variation is also apparent 
in the length of the BamHI/XbaI fragment (which contains the "Garden of 
Eden" sequence in topaz+). 
The obvious way to investigate the insertions and the other 
observed changes is to sequence the mutant genes and compare their 
sequences to the wild type sequence. This Chapter describes the sequence 
analysis of the topaz1 and topaz2 genes . 
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6.2 RESULTS 
DNA fragments from the topaz1 and topaz2 gene regions were 
subcloned into phage Ml3 vectors and sequenced by the dideoxy chain 
termination method (see Chapter 2). 
6. 2. 1 Topaz1 
The sequencing strategy of the topaz 1 gene is shown in Figure 6.1. 
For reasons discussed in the previous Chapters, fragments 5' to the Hind!!! 
site at nucleotide position -840 were not subcloned and have not been 
sequenced in the mutant genes. The DNA sequence of the topaz 1 gene is (as 
could be expected from the basic similarity of the restriction maps) quite 
similar to that of the topaz+ gene. Figure 6. 2 shows the sequence of the 
topaz+ gene and highlights the changes observed in topaz 1 . These changes 
include base substitutions, deletions and insertions. 
6.-2.2 Base substitutions 
Single base substitutions are located primarily in i ntrons ( for 
example see Figure 6.3). Three of these substitutions have created 
restriction sites in topaz 1 which are not present in topaz+ (or equally, 
have abolished a restriction site previously present). A change from T to G 
at nucleotide position -277 and a change from T to Cat nucleotide position 
3773 resulted in EcoRI sites and a change from A to T at nucleotide 
position 4306 resulted in a HindIII site. The fact that these substitutions 
and therefore these sites are present in the topaz 1 gt=-nomi c DNA ( and are 
not simply cloning artefacts) was confirmed by Southern blot analysis (see 
FIGURE 6. 1 The sequencing strategy of the topaz
1 gene. 
(a) Restriction map of the topaz 1 gene region. 
(b) Sequenced regions of subclones from topaz1 
Arrows indicate starting points and 
direction in which sequences were read from 
the Ml 3 recombi nants. Length of arrows 
indicate the extents to which sequences were 
read from single reactions. 
Restriction enzymes used: E, EcoRl; B, 
BamHI; H, HindIII; S, Sall; X, Xbal; Su, 
Sau3A; T, Taql. 
(a) 
(b) 
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FIGURE 6.2 Com~arison of the sequence of topaz 1 and topaz2 with 
+ topaz . 
The nucleotide and predicted amino acid sequences of the 
+ topaz gene are shown. Al so shown are the changes in the 
sequences of topaz 1 and topaz2 relative to topaz+. There 
are four types of changes between the wild type and mutant 
genes: 
(a) Single base substitutions and derived amino acid 
substitutions; 
sequence. 
these are shown + beneath the topaz 
( b) Deletions in the mutant sequences; these are marked 
with an asterisk*. 
(c) Insertions; marked with A· The nucleotide sequences of 
these insertions are shown in Figure 6.8. 
(d) Divergent sequences; these are found in two regions in 
the topaz 1 gene. The first is between nucleotide 
positions +2172 to +3010; the sequence of the 
equivalent region in topaz 1 is shown in Figure 6.6. 
The second is between nucleotide positions +3773 to 
+4024 and is marked by a dotted line; the sequence of 
the equivalent region in topaz 1 is shown in Figure 
6.7. 
Where no change_s were found in the mutant sequences, 
only the wild type sequence is shown. For the extent 
of mutant regions sequenced see Figures 6. 1 and 6. 13. 
Footnote 
It should be noted that the coordinates used in this figure 
I 2 
are for the topaz+ sequence. Since the topaz and topaz sequences 
contain insertions and deletions their coordinates are different 
and are shown in Figure 6.1 
Hind I 11 
.a.B.QtlIAATTGTGTACTGTTGACATTAAAGTTAAATTTTC 
-BOO CGAATTTCATTGAAATACAGGTGCTTATGCAGAAAA1TAATGAAGAGGAGGAGTTGCAAG 
CGTTAAATAA~GGCCGCTCATTGCGAAATTTTGCAATATCATTTATTGCGATTTAAAACG 
G 1.21 
TAGTTGTGCATATTTTTGTTAGGATATTAGTATAATTGACATGATTATGAGCTCTGGGGT 
C A 1.21 
TAGGGGTCCGTTTGTGTGGGTGCTAGGTGAAGGAATAAATCGATATCGTCCAAATTCAAT 
C TTG 1.21 
AGTATTCGTGCTTTTCACTCAATTATGTTTAAAACTGCGATCTGTAGTTTGATGATTCTG 
TC T 1.21 
-500 ACTTCAAAAAATGAAACATTTATCAATACTTCTAAAGTAGGACTAAATGAATTTTTTACC 
C 1.21 
TTCTGTGGAAGTGATATTTATTGACTTCCAAAGAGGCAAGATGTTACTCTTTTTGTAGTA 
AAATTTCTAACTAATTTTATTTTATTTAAATTTATTTATGGAAGTTATTTTTTTTTCTGG 
+ .+1.21 
GTGTGTCTATTGAAATCATTTCTGGTATTTTCGCAATCTAAATAATTCTTTCAGACATAT 
A A T A C fill.fl.Ill 1.21 
fill.fl.Ill ill 
EcoRI 
GTATGTAGTTTCGAAAAGAGACCTTTTAAAAATCAGCAAAATCGGTCCATACGACGTTAT 
A A A •*********** 1.21 
A G AA T ill 
-200 GACCAAAAGTTCAAGACAACAACGTATAGAGTTATATGGTAAATTTTCTTGGGCTTAGCT 
A 1.21 
A ill 
TCCTTCTTTATAAAGCAAAACAGAGAATGAATAAAGCATAACATATGAAGCACTACGTTG 
G CA A G C 1.21 
GG ill 
TTATCTGATATTTCATCGTTTTAGATTTTCGACGATCATGTTGATCTCT1iAAAAACGCAA 
AA T A T T C --5' A 1.21 
CTTTACTAAAGAAAAAAAGAAAACATTTTAGTGATAAAAATATTTTATTTGATCTATTTT 
T *G A C A 1.21 
TACAGTGGTTCAGGAAAAACAACATTAATGTCTGTACTTGCATATCGCCAACCAGGTAAT 
oGlySerGlylysThrThrleuMetSerUolleuAloTyrArgGlnProU 
+100 TAAAGTTTAGATTTTATTATTTAAATAATCGACAGACGTAGAAACTCGTGAAGACCAAAG 
G T 1.21 
ATTAGATAATTAAAAATAAAAAAATATATTTCAATAATTTCCAGTTGGTACCGTAGTTCA 
olGlyThrUolUolGI 
A G 
AGGTGATATTCTTATCAATGGCCGACGTATAGGACCATTTATGCATCGCATAAGTGGTTG 
nGlyA,pl leleul leA,nGlyArgArgl leGlyProPheMetHi,Argl leSerGlyCy 
1.21 
TGTTTATCAAGATGATTTATTTAATGGATCACTTACCGTGGCAGAACATATGCACTTTAT 
sUallyrGlnAspApsGluPheAsnGlySerleulyrU~IAlaGluHi sMet HisPheMe 
T 1.tl 
GGTAGGAGAACTTCATGTCCTTTTAAATTATTTTTAATAATTTTTACATATTTTAGGCTC 
t Rial 
T 1.tl 
+100 TCTTACGTTTAGATCGCCGCGTTAGCAAGCAGGAACGTAA ACTTATAATA CA AGATCTTT 
euleuArgleuAspArgArgUalSerlysGlnGluArglysleul lei leGlnAspleuP 
T A 1.tl 
. 
TCGAACGTACAGGTCTATTGGGTGCTTCTAATACACGTATTGGTTCGGGAGATGATGAAA 
heGluArglhrGlyleuleuGlyAlaSerAsnlhrArgl leGlySerGlyAspAspGluL 
G 1.tl 
AAGTGTTATCGGGTGGTGAACGTAAACGTTTAGCTTTTGCTGTGGAATTGTTAAATAATC 
ysUalleuSerGlyGlyGluArglysArgleuAlaPheAlaUalGluleuleuAsnAsnP 
T 1.tl 
CGGTGATATTATTTTGTGATGAACCCACCACTGGTTTGGATTCTTATAGTGCTCAGCAGT 
roUal I leleuPheCysAspGluProThrlhrGlyleuAspSerlyrSerAlaGlnGlnL 
TGGTGCAAACCCTTTACGATTTAGCCAAAAAGGGTACCACTATCTTATGCACCATACACC 
euUalGlnlhrleulyrAspleuAlalyslysGlylhrlhrl leleuCyslhrl leHisG 
+700 AACCGTCTTCACAATTATTTGATATGTTTAATAATGTTCTCTTTTTGTCGGAGGGCAGAG 
lnProSerSerGlnleuPheAspMetPheAsnAsnUalleuPheleuSerGluGlyArgU 
TGGCCTTTACTGGTTCACCACAAAATGCTTTGGATTTTTTTGCTCAAAATGGTTATAGAT 
alAlaPh~ThrGlySerProGlnAsnAlaleuAspPhePheAlaGlnAsnGlylyrArgC 
CAT 1..Q.2 
His 
GTCCAGAGGCCTATAATCCGGCCGACTATTTAATAGGTGTACTAGCCTCCGATCCAGGTT 
ysProGluAlalyrAsnProAlaAsplyrleul leGlyUalleuAlaSerAspProGlyT 
ATGAAAAGGCTTCCCAAAGATCAGCTCAATATTTGTGTGATCTATTCGCTGTAAGTTCTG 
yrGlulysAlaSerGlnArgSerAlaGlnlyrleuCysAspleuPheAlaUalSerSerA 
****************** 1.tl 
C .i..Q.2 
CAGCTAAACAGAGAGACATGTTGGTGAATTTGGAAATACATATGGCTGAAAGTGGTGATT 
laAlalysGlnArgAspMetleuUalAsnleuGlul leHisMetAlaGluSerGlyAspl 
EcoRI 
+1000 ATCCTTCTGACAAGGAAGTG.G.B.flI.lCTTTCGTGCTGCTTCTTTGTATTTAAAATTACATG 
yrProSerAsplysGluUalGluPhePheArgAlaAlaSerlrplyrleulysleuHisU 
G 1.tl 
G 1..Q.2 
TTATCTGGTATAGATACACACTGACACTACTGCGTGATCCTAAACTACAGTGGCTGAGAT 
al I lelrplyrArglyrlhrleulhrleuleuArgAspProlysleuGlnlrpleuArgP 
TCTTTCAGAAAATGGCCATGGCCATTATAATAGGTGCCTGTTTTGCCGGTACCACGGTAT 
hePheGlnlysMetAlaMetAlal lei lei leGlyAlaCysPheAlaGlylhrlhrUalL 
T .i..Q.2 
TGGATCAAATGGGTGTTCAAGCTGTACAGGGTACTCTTTTTGfAATGATTTCTGRRRRTR 
euRspGlnMetGlyUalplnRlaUalGlnGlyThrleuPheUalMetl leSerGluRsnT 
CTTRTCATCCCRTGTRTTCGGTGTTGARTGTCTTTCCTCARGGRTTTCCRTTRTTCRTGC 
hrTyrHisProMetTyrSerUalleuRsnUalPheProGlnGlyPheProleuPheMetR 
+1300 GTGRRRCACGTTCTGGCRTGTRTTCCRCRGCTCRGTRTTRTRTTGGCACTGTRTTGGCTR 
rgGluThrRrgSerGlyMetTyrSerThrRlaGlnTyrTyrl leGlyThrUalleuRlaM 
TGGTRRGRTAAGRCARGTRGTRATTRARTGATGRTGRTGRTGRCTTGRTACRTTRRTTRR 
et 
w 
RRTTCGTRTTTGCRTGCATGTTCRTTGTCTGGTGGCTGGCTGGCTGRCTGTTGRTTRCRT 
GCTRTTRATRTTTGGTTTTTCCCCCTTCTTTTTRTGTTTTCGTTTTGCGCRCGTTTRTTR 
TCTRGCTGCCGGGCRTGRTTRTRGARCCATTTCTRTTTGTTGTCRTTTGTTRTTTTRTCG 
LeuProG I yMet 11 e 11 eG I uProPheleuPheUa I Ua 11 I eCys TyrPhe 11 eR 
+1600 CTGGCTTRRGRCCRRCRTTTTRTGCRTTTGCTRTRRCRGCCATRGCTGTTGTRCTGGTGR 
laGlyleuRrgProThrPheTyrRlaPheRlal leThrRlal leRlaUalUalleuUalM 
TGRRTGTGGCTRCRGCRTGTGGTTGTTTCTTTTCGRCGGCCTTCGRTTCGGTRCCRCTGG 
ETRsnUalRlaThrRlaCysGlyCysPhePheSerThrRlaPheRspSerUalProleuR 
CCRTGGCRTRCTTGGTGCCGGTCGATTRTATRTTCRTGRTRRCRTCTGGCATCTTTRTTC 
laMetRlaTyrleuUalProUalRspTyrl lePheMetl leThrSerGlyl lePhel leG 
AAATCAGGT-flAATARAAAGRRGTATATTTRTATGTGACAGTATGTGT TAATGTAGTCTAA 
In 11 eSe 
C W 
GCTAATTGCAARCCCCCTGRAAATATGCTGTGTTTTAGTRCAGTTTTCTGTRTATTTCRR 
+1900 TGTRTGTGTGTTTTTGTGTGCTGTAARCTGTTTAATATCATGATCTTTGTGTARRACAC 
A W 
TTAATTTTCCTTGTCATCCTGTCGTTGTCGTTTTTATATTCTTTACCTTTGTAGARAGTG 
C G W 
CRTGTTTGRGTTTGTCATTCCGTTGTRATTTTCCCACCTGTCCGTCTGTCTRTCRTAGAA 
T G W 
BamHI 
RTTATGTGTART~CTTTGATATAATTTCTGRTCCTATAARATATATTTATTTC~T 
"4' C W 
TATRGRRAGCGGAGTTGATTGRGCTATGTCCGTCTGTCTGTCTATCTGTCTGTCTGTCTR 
+2200 TCTGTCTGTCTGTCTATCTGTCTATCTGTCTGTCTATCTGTCTGTCTRTCTGTCTGTCTA 
TCTGTCTGTCTRTCTGTCTGTCTRTCTGTCTGTCTRTCTGTCTGTCTATCTGTCTGTCTR 
RCTGTCTGTCTGTCTRTCTGTCTGTCTGTCTGTCTGTCTGTCTATCTGTCTGTCTRTCTG 
TCTGTCTRTCTGTCRGCGTGTCTGTCTRTCTGTCTGTCCGTCTRTCTGTCTGTCTGRTTR 
TGTRTGTRTGTRTGTATGTRTGTRTGTRTGTRTGTRTGTATGTRTGTRTGTRTGTATGTR 
+2500 TGTATGTATGTATGTATGTATGTATGTATGTATGTATGTRTGTATGTATGTATG TATGTA 
TGTATGTATGTATGTATG (Gap of c. 400 bp) 
TGTCTATCTGTATGTCTGTCTATCTGTCTATTGGATATTTTGGTACTTTTTCGTTCTTTT 
CTTAAAATTAAAGCTAAAAACATGTAACGTATAAAAAGAACTTTTTGTTCTTTAAAATGT 
+3100 ACTTTTTGAGTTTCCATAATATTGAACCTAGAAACATGAAATTAGGCATGTAAAGCCCAG 
A W 
ATTATGTAAGAACCTATTAAAGGGGTTCCTTTTGGTACTTTTTTGTTCTTAAAAAGGTAT 
G A W 
1TTTTTATTTTTGTTAAACCTAGAAACTGAAATTAAGCATGTAGCCTGCTTAAGGTACGTT ~ A A W 
Xbal 
TTCCTACTCTTGTACTTTTTGAATTTTCTTTAAACTGAGAAACATAAAATTAAACAl.C.18 
T W 
.Q.BGCTAGAAATATGATATTTCCAGATGTACAGCCAAATATAGAACTTTTACTTGTTTAAA 
+3400 CACACTATGCTAAAGGGTACTTACGATTCGGAGCAGCCAATTATGTTTTCTTTTTCATTT 
TTGCAAAAAATTCCATTTAATATGTTTTTTTCTCTTATTTTTCAGTACATTGCCTATAGC 
rThrleuProl leAI 
ATTTTACTGGACACAATTCTTATCATGGATGTTGTATGCAAATGAAGCCATGACTGCTGC 
aPhelyrTrpThrGlnPheleuSerTrpMetleuTyrAlaA, nGluAlaMetlhrAlaAI 
CCAATGGACTGGTATTACAAATATCAGTAAGTAATTATTTTGTTTTTTTTTTTTGATTGT 
aGlnTrpThrGlyl leThrA,nl leT 
AA CACAATTACAGTTTTTCTGTGATTATGTGTATTTGTACAAAGTGGGAATTTACCTTTA 
+3700 TGAATACGAGAATTAAACAGCTAAACAGCTAAAGTTTGTTAAATAGATATTAGATTTTAC 
******** 
TTATGAAGAATTTAACGGTTATTGTTGAAACATAAGAAA( Gap of c. 70 bp in wt) 
fill.BllC ( . .. , ...... ,equence di ff erent in W .. , . . . . . . . . W 
EcoRI 
TATTAGCCTACACGCAGAAAAAACATGGTTGTGGTAAACATGATATAAGAGCAACATTTTA 
... .. ..... ............ ... ... ..... .. ..... .. ............. .. .... w 
TTGTTAAATTTATGATTTTAGTTTAAACATATTATAGTTATTATTTTACTCAATCATATT 
GAAAGTTATAATTGCCATAGTACAATTAACATTAGTTACAATTAACATAGTATAGTTGTA 
...................... . ......... .. ) G A 
+4050 ATAACCATGACTTTTGTCTTAATATTGTTGAAACAATAATTATATTACGGTGAATCGTAT 
G * A A 6 
TTTAAGTTATACTTACCGTAAATATTCAAATATTTACAGTTATTTAAATATTTTTAAAAT 
A G AA A G C C G 
CCAGTTAAAATGCATATTATTTGTTTTTGATAACAGTACATTGCTAAAATGGACATAGT 
CC A A C A 1.tl 
ATGATTGTAGTAAGCATAACTTTCGACGACGACTGTTAAAACAATAATTATGTTTCGTA 
G CC C CG GGG 1.tl 
AATCATATTAAAGCTATAATAGTCATAGACATTAAAATCGTTACAGTAACTAAAATATAT 
AAGCTT TT CAT C T T 1.tl 
Hind 111 
+4350 GGTTAAAATCCAAATTAGAACAAATAACAGTTACAATGAACATGTTCGAATTAACATAGA 
A * ** 1.tl 
ATAGTTGTAGTAACCATGACTTTTGACTTAATGACTTTTGCTTCTAAGCCAATAATAAAG 
AATGTTAATTTGTTACTTAATTTACCAAAAAACTCACTTCTTAGTAGTGATAAGGTTTAA 
A T 1.tl 
TTCTCCTTTTAAATAATATGACCCTAAAAAGTTAATTATTTTACTGATATTAATGTTTTC 
C 1.tl 
CTAGAACATGCAATACATTTTATTTATTACAAAAAATTAATTTAATTGTGTGTATTTCGT 
C C i2.1 
+4650 TTCTTATTTTCTTCCCTTTTGTCTACAGCTTGCTTCGAAGAAAGTGAAAATTTGCCATGT 
hrCysPheGluGluSerGluAsnleuProCys 
C T 
Xbal 
TTTCATACGGGTCAAGATGT~TAAATACAGTTTTAAAGAAACCAATATCTTTCGT 
PheHisThrGlyGlnAspUalleuAsplysTyrSerPhelysGluThrAsnl lePheArg 
AATCTCTTGGCTATTGTTGGTATTTACTTTGGATTTCATATCTTGGGCTATTATTGCTTG 
AsnleuleuA I a I I eUa I GI y 11 e TyrPheG I yPheH is 11 eleuG I yTyr TyrCysleu 
i2.l 
GTT i2.1 
Uq_l 
TGGCGTAGGGCGCGCAAGATATAAGAGAAAAAGTTTCTGCTGCCGAACATTTCTGGTTAT 
TrpArgArgAlaArglysl leSTP 
G A 
ACATATTTATAAAATTTTAAGAACAATTAAAGGATAAAGAATTTAAGTCTATGTGTATTT 
+4950 GTGTATTAAATAAATTTACATATGTATTTGTTCGTTTTTTTTTTTGGTACTGATTTATAG 
CAAACATTTATAAAAATACAAAAAAAAAAAATTAACTGAAATAAAATTTTTAACATTAAT 
TTTTATGATATTATTGCGCGCTAAGCAAGGTATGACTATTTGTCTGTCTGTGGCATTGTG 
TCTATTGTGTTTTCAACTTCAAATCAAATAAATTAACAGCCAAAACGTTAGACATTGCAA 
ATGAATAAGAATTTATTTAACACCAAACAAAGAAATTTATTTGCCATCATCAATTTCATG 
Xbal 
C TT C TT TT A I..Cl.B.QB 
i2.l 
FIGURE 6 .3 Single base substitutions in intrans (example). 
(a) An autoradiogram of a sequencing gel showing 
part of the nucleotide sequence of intron 6 
+ from topaz . 
(b) An autoradiogram of a sequencing gel showing 
the nucleotide sequence of the same region 
of intron 6 as (a) only in topaz1. 
The single base substitution (nucleotide position 
+4534 in Figure 6.2) is marked with an arrow. 
In both gels the nucleotide sequence shown is the 
complement of the coding strand. 
(a) (b) 
G A T C GA TC 
95 
Chapter 5). Six DNA substitution occur in the putative exon regions; five 
of these were silent changes and one (A to G at nucleotide position 4783 ) 
has caused a conservative amino acid change from isoleucine to valine 
(Figure 6.4). 
There seems to be a s 1 i ght preference in the di rec ti on in which 
the base substitutions take place (Table 6.1); 44% of the substitutions are 
transitions (substitution of one purine for another or one pyrimidine for 
another) while 56% are transversions (substitution of a purine for a 
pyrimidine or vica versa). If the changes were completely random 33.3% 
transitions and 66. 6% transversi ons could be expected. ( x 2 test shows 
0.05>p>0.01). Altogether 113 single base substitutions were observed over a 
region of 5.7 kb, which is equivalent to 2% change. If the degree of 
divergence in the exons and intrans is calculated separately the figures 
are markedly different; 6 substitutions in 1668 nucleotides within exons 
are equivalent to 0.36% change while 107 substitutions in 4kb of intrans 
are equivalent to 2.7% change. 
TABLE 6.1: DNA SUBSTITUTIONS BETWEEN TOPAZ1 AND TOPAZ+ 
A to C 
A to T 
A to G 
5 
10 
11 
T to C 
T to A 
T to G 
17 
18 
7 
C to A 
C to T 
C to G 
5 
10 
7 
G to C 
G to T 
G to A 
5 
6 
12 
In addition to the single base substitutions, there is one region 
of approximately 240 bp (in intron 6) where the sequence between topaz 1 and 
topaz+ completely diverges . These changes are also associated with 
deletions and will be described in the following section. 
FIGURE 6.4 Single base substitutions in topaz
1 
( example) . 
exons 
(a) An autoradiogram of a sequencing gel showing 
part of the nucleotide sequence of exon 7 
+ from topaz . 
(b) An autoradiogram of a sequencing gel showing 
the nucleotide sequence of the same region 
of exon 7 as (a) only in topaz1 
The single base substitution (nucleotide position 
+4534 in Figure 6.2) is marked with an arrow. 
This change caused the amino acid isoleucine to 
be substituted to valine. 
(a) (b) 
G A T C G A T C 
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6. 2 .,3 Deletions 
There are small deletions of DNA in the putative introns •tJhich 
range in size from single base pairs to a 12 bp deletion in intron 1. One 
deletion was found in an exon region; this is an 18 bp deletion in exon 4 
which removes 6 amino acids without affecting the reading frame . In 
addition, there are two larger deletions associated with introns 5 and 6, 
however these are not a simple removal of DNA as they are involved with 
quite major changes in the sequence around them. In the case of intron 5, 
the l . 2 kb BamH I/XbaI fragment in topaz+ is only O. 7 kb long in topaz 1 . 
This reduction in size is probably due to a lower copy number of repeat 
units of the "Garden of Eden" sequence. However, the reduced size of the 
block of repeats is not the only change involving this region. The internal 
order of TCTG fo TCTA is different in the two alleles (Figures 6.5 and 
6. 6), and the TATG variant of the repeat is not present in topaz 1 
Therefore, strictly speaking, the term deletion is not entirely appropriate 
in this case. 
The second larger deletion is located in intron 6 and results in 
the l .3 kb XbaI fragment in topaz+ being only 1.2 kb in topaz 1 Here again 
the change is not a simple excision of 100 bp but involves the removal of 
about 240 bp in topaz+ which are replaced by 120 bp of completely different 
sequence in topaz 1 (Figure 6.7). The presence of these deletions in topaz1 
genomic DNA has been confirmed by Southern blot analysis in which the 
predicted restriction fragment differences between topaz 1 and topaz+ are 
observed (see Chapter 5 Figure 5.4) . 
FIGURE 6.5 The "Garden of Eden" repeat. 
(a) and ( c) 
Autoradiograms of short and long 
(respectively) sequencing gels showing part 
of the nuc 1 eot i de sequence of the "Garden of 
+ Eden" repeat from topaz . 
( b) and ( d) 
Autoradiograms of short and long 
(respectively) sequencing gels showing part 
of the nucleotide sequence of the "Garden of 
Eden" repeat from topaz 1. 
Note the different organization of the TCTG 
and TCTA repeats between the two strains. 
(a) (b) ( c) (d) 
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FIGURE 6.6 The nucleotide sequence of the 0. 7 kb BamHI/Xbal fragment 
of topaz 1 containing the "Garden of Eden" sequence. 
The nucleotide sequence of the 0.7 kb BamHI /XbaI fragment 
(+2. l to +2.8) from topaz 1 is shown. 
The region containing the "Garden of Eden" sequence is 
shorter in topaz1 and has a different organization of the 
simple repeat compared with topaz+. This region is marked 
by a dotted line and topaz+ sequence can be seen in Figure 
6. 2. Other differences between topaz 1 and topaz+ in this 
region are now shown in this Figure (see Figure 6.2). 
BamHI 
+2133 ~TTATAGAAAGCGGAGTTGATTGAGCTATGTCCGTCTATCTGTCTATCTGTCTGT 
( ................... . 
CAGTCTATCTGTCTATCTGTCTGTCTGTCTATCTGTCTGTCTGTCTGTCTATCTGTCTGT 
, ... , .... Organization of repeat:, different in~ ....... . 
CTGTCTGTCTGTCTATCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTATCTGT 
CTGTCTGTCTATCTATCTATCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGTCTGT 
CTGTCTGTCTGTCTGTCTGTCTATCTGTCTATCTGTCTGTCTATCTGTCTATCTGTCTAT 
I I I I I If I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
CTGTCTATCTGTCTGTCTGTCTGTCTATCTGTCTATTTGTCTTTCTGTCTGTCTGTCTAT 
............ ' .............. ) 
CTGTCTCTCGTTTATCTGTCTGTCTATTGGATATTTTGGTACTTTTTCGTTCTTTTCTTA 
AAATTAAAGCTAAAAACATGTAACGTATAAAAAGAACTTTTTGTTCTTTAAAATGTACTT 
TTTGAGTTTCCATAATATTGAAACTAGAAACATGAAATTAGGCATGTAAAGCCCAGATTA 
TGTGAGAACCTATTAAAGGGGACCTTTTGGTACTTTTTTGTTCTTAAAAAGGTATTTTTT 
TTAAATTTTGTTAAACCTAGAAACATGAAATTAAGCATGTAGCCTGCTTAAGGTACGTTT 
Xbal 
TCCTTCTCTTGTACTTTTTGAATTTTCTTTAAACTGAGAAACATAAAATTAAACA.1.Cl.ftlifi 
FIGURE 6. 7 The nucleotide sequence of t he 0.4 kb EcoRI/HindIII 
fragment of topaz 1 containing the shorter diver gent 
sequence. 
The nucleotide sequence of the 0.4 kb EcoRI/HindIII 
fragment from topaz 1 is shown. The region marked by the 
dotted line is completely different to the equivalent 
+ region in topaz ( see Figure 6. 2). It is al so shorter by 
about 120 bp in topaz 1 Other differences between topaz 1 
+ and topaz are not shown in this Figure (see Figure 6.2). 
EcoR I ( ... . .. sequence di ff erent in 1..QQQz..:!: .. . • • .• • •••• • ••• . • 
+3768 .QfifillC.AGAAATTAGTTTTCATTCATTAGTTGTTCAAACAACTAACTATGTTTCACTAA 
ATCATATTAATAGTTATAATTACCATAAAAATGTAAACAACCAAAATATGGTTAAAATC 
.... ... ) 
ACTATAATGTTACAATTAACATGGTATAGTTATAATAACCATGGCTTTGTTCTTAATAT 
TATTGAAACAATAATTATATTACGGTGATCGTATTTAAAGTTATAGTTAAAGAAAATAT 
TCAAATGTTCACAGTTACTTAAATATTGTTAAAATCCCGCTAAAATAACTATTATATGT 
TTTTGATAACAGTACATTGCTACAATGAACATAGTGTGATTGCACTAACCATAACTTTC 
Hi nd 111 
GACGACGACCGGTAAAACAATAATTATGTTTCGGGGAATCATATTAAAGCTT 
97 
6.2.4 Insertions 
There are 6 DNA insertions in t opaz1 relative to topaz+ and their 
nucleotide sequences are shown in Figure 6.8 . All the insertions are 
located within intrans. Insertions 3-:-6 involve only 1-7 bp and have 
probably been generated by errors during replication, which is likely to be 
the way the small deletions described in the previous section occured. 
Insertions l and 2 are longer and have been further studied. Insertion l is 
222 bp long while insertion 2 is 1051 bp long; both insertions are located 
in intron and are separated by a short DNA sequence of only 22 bp (Fi gure 
6. 9). 
Hybridization studies presented in Chapter 5 had already indicated 
that there might be two DNA insertions within the region, (i.e. within the 
1.8 kb Hind III JEcoRl fragment -2.l to -0.3 in topaz 1) . In order to further 
characterize these insertions, additional A-clones containing sequences 
homologous to the two insertions were isolated. Duplicate lifts of 10,000 
recombinant phage from the SWT library were screened with subclones 
pto1HB1 .2 and pto 1BE0.6. (The BamHI site is located within insertion 2, 520 
bp from its 3 1 end). About 16 phage gave a hybridization signal when probed 
with subclone pto 1sE0.6; it was therefore estimated to contain a sequence 
repeated about 60 times in the L.cupdna genome. This figure is quite 
consistent with the number of bands observed on a Southern blot of 
L.cuprina genomic DNA probed with the same fragment (Chapter 5 Figure 5.7) . 
Subclone pto 1HB1 .2 was estimated to contain a sequence repeated about 4,000 
times in the L_cuprina genome as it hybridized to 10% of the SWT 
recombinant phage screened. Although this subclone contains both insertion 
land the left half of insertion 2, the high level of sequence repetition 
in the genome was initially attributed to a repeat sequence present in 
FIGURE 6.8 DNA insertions in topaz1 
There are six insertions in topaz 1; for their 
positions along the gene see Figure 6.2. 
The nucleotide sequence of insertion l, insertion 
2 and the sequence (identical to topaz+) which 
separates them (lower case) is shown on the 
opposite page. 
Insertions 3-6 involve between 1 and 7 
nucleotides and their sequences are as follows: 
insertion 3-TCTTATA, insertion 4-T, insertion 
5-T, insertion 6-T . 
TGTAAATATCTTTTAATTCTATAATTATTATACAATTTCACTTCAATTCAATTTCAAAAA 
61 AACAACATAAAAATTACTTCCTGATAATGACTTCAGATATTGTGAATTTACAATCATATA 
121 AAAAGGACATCCCTCTCATGACAAGCTTACGTTAAAATCATCACTTCTTCAGGTCTTTTT 
Taql 
181 CAGTACTAACAAGAAGTAAATTCTACTTCTTTT~TTCTT 
tggaagttatttttttttctgg 
Bg 111 
CACTTCCAAGATACTTAGATCTAATTTTGACGAAAGTCTGACAGTGGCAAAGAAAGTGCT 
CCAGAGTTTCACCTTACTCTCAATATGCTTTACATTCGTCAAAATGCGCACGTCCAATTT 
120 TGTATAAATGTGCTTGTAATTCTGTGTGTCCACTTAGAAGTAGATACTATAATACTAACC 
Taq I Sau3A 
TCAGACTTGAACATTTTAAGAAGATTTC~CTTGTTCTTATCAGAGTAG.G..A.I.C.TTTGT 
240 GATTCTGTCCACCATTCCAAGCGGCTTTATGGGATTCAGCTTTATTTGTGTCGAATGGTT 
TCCCTTTCGTGCCGACGACTTCTTTTATTTTAGACAAAATTTATGATATTCTTCAACCCT 
360 TCAAAATCTCAACCGTCAGACTACTATGTAGCTGTATGATATGAACTTTTCAATATAAAA 
CATCTATGGTTGTTATTGCTTCTGGGTCAGTAAGTTAGATGAAAATCTTAAACATTAAGT 
Bg 111 BamH I 
480 ATCTCAAGATCTCTTGTAAATTTAAGTGATAGAGTTGATGGTTTCCTTATT.G.G..A.I.C.C.GTC 
Sau3A Sau3A, Taql 
TTGTTGT~ATTGATTGTTGATCGAACTGATAACCAGAAAGTCACTTATTTAAGTACG 
600 ATATCAAATGGGAGAAATGTATAACATTGGCCAACAAAATTTTAAAAAAAGTAAGACTGT 
TTTATTTGATTATGCCGAATCTTATATTCTCTCCATCAAACCGTATGGCATAAATAGAAT 
Sau3A 
720 GCTCTCCT ATAAAAGCACATTAGTGTCGGTTAAATTAGTTTTCTGACT.G..A.I.C.CTCATAA 
AACTCGGCGGAGAAAAAAGTTTAAAATAATAGAGCGAAAACGAATGTTTTCCGTTTGTTT 
840 TTAAATTTAGGACGCACTATCTCCATAGGCACGGGTACGGACAGTAATTAATCTATTTTA 
Sau3A 
C.G.A.I.C.AGTATCTCTTATAACCTTCACCTTTGTAAGAAGGATATATATGAGTTTGACATTC 
960 CCTCATATTTTCTCAACCCTTCATATTATATAGATTCAGGATTCTTATAGGTGGTGGATT 
GATGTCCGTATGTCTGTCCACCCATTAGTCTG 
insertion 1 
insertion 2 
FIGURE 6.9 Restriction map of the 3.1 kb HindIII/EcoRI 
region (-2.1 to +l) in topaz1 
The positions of insertion 1, insertion 2 and the 
subclones derived from them are marked. 
Restriction enzymes used are H, HindIII; E, 
EcoRI; B, BamHI; Bg, BglII. 
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insertion l, as it had been supposed that the entire sequence of insertion 
2 would have the same low copy number, as demonstrated by the studies using 
its right half. Three .x. -clones were isolated from each screen; they were 
purified, amplified and their DNA prepared. 
The clones isolated on the basis of their homology to subclone 
pto 1Bl· 0.6 were designated .x. BE3, .x. BE6 and .x. BE9; clone .x. BE9 was chosen for 
further investigations. The restriction map of the clone is shown in Figure 
6.10. Southern blot analysis of clone .x. BE9 DNA digested with various 
restriction enzymes and probed with subc 1 one pto 1 SEO. 6 showed that the 
homology between the two DNAs was within the 0.9 kb SalI / EcoRl fragment (0 
to +0.9) (Figure 6.10 and data not shown). In order to establish the 
orientation of insertion 2 in the clone, the left side of this insertion 
was subcloned using the Bg1II sites at nucleotide positions 18 and 487 
(Figure 6.9) and subclone pto 1Bg10.47 was used to probe a Southern blot 
containing DNA from clone .x. BE9. No hybridization signal was detected, 
indicating that insertion 2 in topaz 1 is not necessarily repeated as the 
same 1 . 1 kb fragment in other chromosoma 1 1 ocati ons. This interpretation 
was reinforced when it was found that pto 1Bgl0.47 did not hybridize to 
clones .x.BE3 or .x.BE6 either. To examine whether the left side of insertion 2 
is at all repeated in the genome, pto 1Bg10.47 was used to probe a filter 
lift of 10,000 SWT recombinant phage. About 500 phage gave a hybridization 
signal, indicating all, or part, of the left side of insertion 2 is 
repeated about 2000 times in the L.cuprina genome. By deduction it 
therefore seems that insertion 1 is ~lso only repeated 2000 and not 4,000 
times in the L.cuprina genome, as previously thought. Further 
hybridizations showed that out of the three .x.-clones isolated on the basis 
of their homology to pto 1HB1 .2, one has homology to pto 1Bg10.47 and the 
FI GURE 6.1 0 
-8 -6 
(S) B E 
Restriction map of clone ).. BE9. 
Restriction enzymes used: E, EcoRI; B, BamHI; H, HindIII; 
S, Sal I. 
The Sall sites {S) are derived from the EMBL3A polylinker. 
The region of homology to insertion 2 from topaz 1 is marked 
by 111111111 II 11 1 
The subclone derived from this phage is marked. 
-4 -2 0 2 4 6 
H E S H S E H E (S) 
kb 
'l'l'I' Ii I I i A BE9 
pBE9ESO. 9 
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other two have homology to subclone pto1HBgl0.7, which contains insertion 1 
only. 
The question of what part of insertion 2 is included in clone ABE9 
was addressed by subcloning and partially sequencing the 0.9 kb SalI / EcoRI 
fragment ( 0 to +O. 9) . The sequencing strategy is shown in Figure 6. 11 and 
the nucleotide sequence is shown in Figure 6.12 . The sequence homology 
between insertion 2 and the 0.9 kb SalI/EcoRI fragment from clone ABE9 is 
restricted to 65 bp (nucleotide positions 668 to 733 and 4 to 69 
respectively), out of which 86% are homologous. There is a 250 bp gap in 
the sequence data; while the possibility cannot be ruled out that further 
homology in that region exists, this seems unlikely as there is no homology 
between sequences in insertion 2 and sequences flanking the gap in 
pBE9ES0. 9. A Southern b 1 ot containing DNA from c 1 ones ABE3 and ABE6 was 
probed with pBE-9ES0.9 to examine whether these clones might also contain 
the 65 bp shared between insertion 2 and clone ABE9; the result (data not 
shown) showed hybridization to both clones; since neither of the ABE clones 
showed homo 1 ogy to the 1 eft side of insertion 2, they in fact might have 
been se 1 ected on 1 y on the basis of their homo 1 ogy to the 65 bp of shared 
sequence between insertion 2 and clone ABE9 . 
6.2.5 Topaz2 
The topaz2 gene was only partially sequenced, with the main aim 
being to examine the regions that were found to be different between topaz+ 
ar.d topaz\ specifically the region containing the deletion in exon 4 and 
the insertions in intron 1. The sequencing strategy is shown in Figure 
6.13. The changes between topaz+ and topaz2 are shown in Figure 6.2; single 
base substitutions are found in both i ntrons and exons. There are 4 base 
FIGURE 6. 11 The sequencing strategy of subclone pBE9ES0.9 . 
Sequenced regions from subclone pBE9ES0.9. Arrows indicate 
starting points and direction in which sequences were read 
from the Ml 3 recombi nants. Length of arrows indicate the 
extents to which sequences were read from single reactions. 
Restriction enzymes used: E, EcoRI; S, Sall; T, Taql. 
s T T E pBE9ES0.9 
t---t 100bp 
E 
FIGURE 6.12 Comparison of sequences from the 0.9 kb Sall / EcoR I frag ment 
of clone ABE9 with sequences from insertion 2 of topaz1 
The partial nucleotide sequence of the 0.9 kb SalI/EcoRI 
fragment (0 to +0.9) is shown. There is a 65 bp region of 
homology between the above sequence and the sequence of 
insertion 2. This region begins at nucleotide position 668 
in insertion 2 (see Figure 6.8) and identical nucleotides 
are marked by an asterisk *. There is no significant 
homology beyond nucleotide position 733 in insertion 2. 
Sa 11 
L~TATGCCGAATCTTATATACCCACTATCAAACCGTATGCTGTAAATGGAATGCTC 
665 T*T**T*****************T*T*T*C*************GCA*****A******** insertion 2 
TCCTATAAACATTAAGTTGATATTATTATTAGATTTTAACTTGTAAGAAACTTAATAATT 
725 *********AGCAC*T*A*TGTCGG***AATT*G***TCTGAC*G*TCCT*A***A*CTC insertion 2 
Taql 
120 ATGGTCCGATCAATATATAATTTGGTAAATAGAATTTACTTATTAATA.I.C.li.BATTTAAAC 
785 GGC*GAGA*AA**GT*TA**A*AATAG*GCGA**ACG*A*GT**TCCG*TTGT***T**A Insertion 2 
TCTTATATTTAAGACAGTAAAGCCATTTTTTTGGAGTGGACCATATATGAGGGGTAAGGT 
180 AAATTATTTACCGACCCTCATAAAATTTGGTAGAGAGAATTTGAATCACACAAGACTTAT 
Taq I 
TTATG.I.C.li.BTTTTATCGCTATACTACCACTTGTATGGGGGCTATACGAAAACGTGGACCG 
210 TT (Gap of c. 250 bp) 
GACCCTATGGAAAATTACTTTAATGCTCATAACTGTCTGAAAGAAACATCTATAGTGGTG 
550 AAATTCAACAGGAAGATATTTTATAGGAAAATTTTATTGCAGTATACATAGCAATAAAAT 
Taql 
TTTTCGTTAAAAAAGTTTTATAGGAGCTAAAATCAT.I.C.li.BCATAATCAAACCTGTCTACT 
710 AACTTTTATAAGTGTCAGTTGAAAAATGACCCTACCCCATATAAAGGCGTCATGAAATAA 
CTCCCCATAACAAAAATTAAATAAGTCCTCAAATTTGGGAATATTTTTCATTATGCCGAT 
830 TATATAATACCCCACTAAACAATTTTTGCC 
FIGURE 6. 13 
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( a) 
(S) 
(bJ 
The sequencing strategy of the topaz2 gene . 
(a) Restriction map of clone" to22. 
( b) Sequenced regions of subclones from topaz2 Arrows 
indicate starting points and direction in which 
sequences were read from the Ml3 recombinants. Length 
of arrows indicate the extents to which sequences were 
read from single reactions. Restriction enzymes used: 
E, EcoRl; H, Hindlll; (S), Sall. 
The Sall sites (S) at the ends of the insert come from 
the poly-linker of the vector, EMBL3A., 
presence of the 
-1 0 
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The,_ EcoRl fragment ( -0. 4 to -o. 3 ) has been deduced 
(see page I 00) 
from the sequencing data,_and is marked with a broken 
line. 
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substitutions in exons; 3 are silent and one changes the amino acid 
glutamine to histidine (Figure 6.14 ) . No deletions are observed in topaz2 
relative to topaz+; in particular the 18 bp deletion observed i n exon 4 of 
t l . 2 2 opaz 1 s not present in topaz . It is interest i ng to note that topaz 
appears to have less single base subs ti tuti ons (with reference to topaz+) 
than topaz 1 does, and that out of 13 such changes in topaz2, 6 are al so 
present in topaz 1. 
The region of the insertions in topaz 2 was only partially 
sequenced (Figure 6.15) and again a complex pattern emerges. An additi onal 
EcoRI site was created in topaz 2 by a single base substitution in insertion 
2 (G to A at nucleotide position 999). This EcoRI site is only 95 bp to the 
left of the EcoR I site at position -275 and was not detected by the 
restriction enzyme analysis of clone At a22. · It was fo und when the 1.2 kb 
EcoRI / HindIII f,agment from topaz 2 was subcloned into phage Ml3 and 
sequ'enced. The sequence began at a position equivalent t o nucleotide 999 in 
insertion 2 of topaz 1. Going upstream from this EcoRI site in topaz2, the 
sequence is nearly identical for about 40 bp to that of insertion 2 of 
topaz 1; then, allowing for small DNA insertions in topaz2 (or delet i ons in 
topaz 1), the sequence is homologous to a further 70 bp of topaz 1, after 
which the two sequences completely di verge , I t t herefore seems that the 
smaller sized insertion(s) in topaz2 is / are not due simply to a deletion of 
sequences from these in topaz 1, but the insertions share some sequences but 
not others. Hybridization studies using subclone pto 1Bgl0.47 to probe a 
Southern blot containing Ato 22 DNA showed a very faint hybridization signal 
(data not shown) indicating that most of the sequences from the left hand 
side of insertion 2 from topaz 1 are not present in the topaz 2 insertion. 
This observation is consistent with the absence of the BamHl and Bgl II 
sites in subclone pto2HE1 . 2, while these sites are present in the topaz 1 
FIGURE 6. 14 Single base substitutions 
(example). 
in topaz2 exons 
(a) An autoradiogram of a sequencing gel showing 
part of the nucleotide sequence (coding 
+ 
strand) of exon 4 from topaz . 
(b) An autoradiogram of a sequencing gel showing 
the nucleotide sequence (complement strand) 
of the same region of exon 4 as (a) only in 
tapaz2 
The single base substitution (nucleotide position 
+723 in Figure 6.2) is marked with an arrow. 
This change caused the amino acid glutamine to be 
substituted to histidine. 
(a) 
C T A G 
--· 
--
(b) 
GA TC 
FIGURE 6.15 Comparison of the insertion sequences of t opaz2 with 
topaz 1. 
The partial nucleotide sequence of the topaz2 insertion is 
·shown. (Nucleotide position l marks the first 5' nucleotide 
obtained by sequencing and not the first of the insertion). 
Significant homology between this insertion and insertion 2 
from topaz 1 begins at nucleotide position 283 in topaz2 and 
924 in topaz1. Identical bases are marked with an asterisk 
* 
In order to maximize alignment of homology deletions have 
been introduced into the insertion 2 sequence, and these 
are marked with a dash -
ATTAAAGCAGAAATAAAAAAATGTTTCCAGCTTTCGGTTAAGATATCTCCGAAAGTGAAG 
61 TGGATCATTAAGGATCGTTATCATTTATTTTAAAGTCAACAGAATAGACTTTTATATAAA 
121 GTGACAAGTGTTTTCGCTCTGTTTTTAAAACTATAGGACACGTTTTTTCCAAATCCTGGC 
181 AGGAGCCCAGTTTAGAAAAATATAATTTGGTCTCTGAGTTAATTTAGTGTACCGCAAAAG 
21) ATAAGCAGGTATGGAAATAAATTAATCTCTTTTAGTTACAAGACCTTTGTAAGAAGGAAA 
882 *GT*ATTAA*C*ATTTTACC**C*G*A***C***TAAC*TTC****************T* insertion 2 
301 TACATGAGTTTGTCATTCTCTTTGTAATTCCCACAATAGAATTTCTCAACCCTTCATATT 
9·12 **T*********A**------------*****T**TA---T******************* insertion 2 
EcoRI 
3 6 1 A TA TAC A TT C Afill.ft.Ill 
987 *****G******G**** Insertion 2 
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insertion. Subclone pBE9SE0.9 ~that contains the 65 bp sequence homologous 
to the topaz 1 insertion) does hybridize to the 1 .2 kb HindIII/EcoRI 
fragment from topaz2, however whether this hybridization is due to the 65 
bp sequence or to some other region in pBE9SE0.9 has not been established. 
Similarly, whether insertion 1 from topaz 1 is present in topaz2 is not 
known. Both of these questions can only be answered by further sequencing 
of this topaz2 region. 
6.3 DISCUSSION 
The comparisons of the nucleotide sequences derived from the two 
mutant genes, topaz 1 and topaz2, to the topaz+ gene have provided insight 
into three different, although related, areas. These areas are: the 
molecular basis fQr DNA sequence polymorphism in the topaz gene region, the 
complexity of repeated DNA sequences in L.cuprina and the difficulties in 
establishing the molecular nature of the topaz mutations on the basis of 
DNA sequencing alone. 
6. 3. 1 Polymorphism 
Restriction fragment polymorphism which is observed at the 1 eve 1 
of Southern b 1 ot analysis of genomic DNA can be caused by a number of 
different types of sequence changes, as illustrated in Figure 6.16. 
Examples of these different types of changes have been encountered 
during the sequence analysis of the three topaz alleles. The observed 
restriction site polymorphism is due primarily to single base substitutions 
that have created (or abolished) restriction sites. There are two EcoRI 
sites and one Hi ndI I I site that are present in topaz 1 but not in topaz+ . 
--
FIGURE 6.16 Molecular phenotypes of DNA Polymorphism . 
Examp 1 es of changes at the DNA 1 eve 1 ( 1 eft) and 
the size of the bands seen on a Southern b 1 ot 
(right) using the region marked byl 11111 as a probe 
and digesting the DNA with restriction enzyme H. 
(a) Before any change has occurred~ 
(b) Sequence change abolishing an H site. 
(c) Generation of a new H restriction site 
within the region used as a probe. 
(d) Generation of a new H restriction site 
outside the probe region but within the H 
fragment detected by the probe . 
(e) Insertion of a DNA sequence within the H 
fragment detected by the probe . 
(f) Deletion of DNA sequences detected by the 
probe. 
(g) . :: Expansion of repeated sequences: s within 
: ~ 
the H fragment detected by the probe 
( ex amp 1 e; hyperv ari able region, Jeffreys et 
a 1 . , 1985) . 
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The EcoRI site at nucleotide position -277 is present in topaz2 as well, 
however the other EcoRI and Hi ndII I sites ( at nucleotide positions +3773 
and +4306 respectively) are not, as judged by Southern blot analysis of 
topaz
1 
and topaz 2 genomic DNA (see Chapter 5). A single base substitution 
has also created an EcoRl site in the insertion found in topaz 2, a site not 
present in the topaz 1 insertion. In addition, the insertions in topaz 1 
contain restriction sites not present in topaz+ (or in topaz 2). 
Insertions, deletions and rearrangements which result in 
restriction fragment length polymorphism affect a number of fragments from 
the topaz gene region. The 1.8kb HindIII/EcoRl fragment C:-0.8 to +1) in 
topaz+ is increased to 3. 1 kb in topaz 1 by the presence of two insertions, 
while the 1.3 kb XbaI fragment in topaz+ (--3.3 to +4.6) is only 1.2 kb in 
topaz
1 
due to combined substitutions and deletions. The 1 .2 kb BamHI/XbaI 
fragment from topa-z+ (+2.1 to +3.3) is only 0.7 kb in topaz 1 while the 
evidence is not completly clear cut due to the 400 bp gap + in the topaz 
sequence, if it is assumed that the gap is composed entirely of "Garden of 
Eden 11 sequences, (which seems highly likely be the case), it provides an 
example of length polymorphism caused by a simple repeat sequence which has 
expanded (or contracted) in terms of copy number. 
In an extensive study on the level of nucleotide polymorphism at a 
given locus, the alcoboL_debydrogeoase_(A.dbl locus of D.melaoogaster was 
examined (Kreitman, 1983). Eleven cloned D.melaoogaster genes from five 
natural populations were sequenced. Single base substitutions as well as 
small deletions and insertions were observed; however length polymorphism 
of the type found at topaz ( i . e., i nvo 1 vi ng more than 40 bp) was not 
observed. The 1 argest insertion was of 37 bp. Two of the sma 11 fragment 
lengths polymorphisms in Adb were proposed to involve expansion and 
contractions of homonucleotide repeats. This study showed that 1-3% change 
.---~ ..... -------------------------------------------
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in nucleotide composition between alleles is common among populations. This 
is similar to that found for topaz, where the overall difference in 
nucleotide sequence between topaz 1 and topaz+ is about 2%. 
6-.,3. 2 Repeated sequences 
The sequencing of the topaz+ gene revealed the presence of a 
number of different repeated sequences within the gene region (see Chapter 
4). In the mutant alleles, additional repeated sequences have been found, 
representing other types of repeats. Intron l has been only partially 
sequenced because sequences 51 to the HindIII site at nucleotide position 
-840 could not be subcloned from topaz 1, Repeated sequences are located in 
this region in both topaz+ and topaz 1 (as discussed in Chapter 5). 
Sequences from intron l present 3 1 to the above HindIII site do not contain 
repeated sequences in topaz+, but do in both topaz l and topaz2. These 
sequences are associated with the insertions located within this region. 
There is no internal repetition within the insertions, at least in the case 
of topaz 1 ( data for topaz2 refers of course only to the part of the 
insertion that was sequenced), so their repetition in the genome has only 
been established by hybridization experiments (Chapter 5). The two 
insertions in topaz 1 are located 22 bp apart, suggesting that this region 
in topaz might contain sequences that are prefered integration sites. 
Daniels and Deininger (1985) reported that the Alu family and other similar 
mammalian repetitive DNA sequence elements integrate preferentially in 
short AT rich regions, so the insertion of a number of elements (of the 
same or different types) into the same region or into each other (if they 
have a high AT content) is quite common r It is interesting to note that the 
immediate (120 bp) region surrounding the insertions is quite AT rich 
--
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(about 80% in the three topaz alleles). The sequence data from the 
insertions, together with the preliminary analysis of other A-clones 
carrying sequences homologous to them, provide a complex picture , Insertion 
2 in topaz 1 is similar in part to the insertion in topaz2. Sequences at the 
extreme right-hand end of the topaz 1 insertion are present (with some 
modifications) in topaz2. However after only about 90 bp, the sequences 
diverge and remain different for the next 280 bp (up to the point to where 
no further sequence data is available for topaz2). Insertion 2 of topaz 1 
contains at least two different repeat units; one is the 65 bp unit, which 
appears to be the basis of the homology between subclone pto 1BE0 -.6 and 
clone A8E9 (and probably clones A8E3 and A8E6) . The other repeat unit is 
present in the left 7hand half of insertion 2 (subclone pto1Bgl0.47) but its 
actual sequence composition has not been identified. To do this, clones 
carrying homologou~ sequences from other regions of the genome would have 
to be isolated and the homologous region sequenced. The two repeat uni ts 
are present at about a sixty fold difference in frequency in the L_cuprina 
genome. These results suggest that ( at the 1 east) there has been an 
integration of one repeat element into another; this could have occurred at 
a different chromosomal location followed by transposition (as a composite) 
into topaz, or could have occurred in the topaz gene itself. Si nee the 
insertions in topaz 1 and topaz2 have some sequences that are similar but 
others that are different, it seems likely that at least some of these 
complex integration events must have occurred at topaz. The obvious 
complexity of the insertion sequences themselves, from the point of view of 
the different repeat components contained within them, suggests that only 
the tip of an iceberg may have been revealed and a systematic examination 
of small fragments from within the insertion, as to their repetition number 
-
~ -
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in the genome and sequence homology with other clones, would be necesssary 
before any conclusions about their evolution or formation can be reached . 
It should be noted that a computer analysis of the insertions has 
not detected any direct or inverted termi na 1 repeats that are norma 1 ly 
associated with other transposable elements (see Chapter 1) . In ._situ 
hybridization of these repeats to polytene chromosomes from different 
L.cuprina strains could indicate if these sequences are generally mobile in 
the genome, i . e., whether they are found in different chomosoma 1 1 ocati ons 
in different strains. If compared to other types of repeat elements found 
in other organisms, insertion 2 appears to be most closely similar to the 
"scrambled repeats" from D.melanogaster described by Wensink eLal. (1979), 
in which clusters of repeats composed of repetitive elements arranged 
differently in each cluster are observed. Similar scrambled repeats have 
been found in th~ chicken (Musti et_al., 1981), the slime mould E>bysarurn 
( Peop 1 es eL al., 1985) and primates (Danie 1 s and Deininger, 1985) . 
It has not yet been established whether insertion 1 is also 
composed of a number of repeat units that are present in different 
arrangements in other chromosomal locations or whether the 220 bp sequence 
represents the whole, or a truncated form, of one repeat element. It is 
clear however that insertion 1 is usually not present in close proximity to 
sequences from insertion 2, as probes prepared from each insertion 
hybridized to different recombinant phages on duplicate filters. 
The other repeated sequence which is different between topaz+, 
topaz 1 (and probably topaz2 as we11) is the 4 bp simple sequence found in 
i ntron 5 - the "Garden of Eden" repeat. This region appears to have 
diverged more rapidly than its neighbouring sequences. Apart from the 
apparent difference in the number of repeat units, which results in . 
restriction fragment length polymorphism (and was already discussed in the 
- .....-
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previous section), the internal organization of TCTG and TCTA repeats is 
different in topaz+ and topaz 1 The changes, which are by no means random 
but are highly constrained, mostly affect the fourth base of the repeat 
unit, allowing one purine to be substituted for another. The mechanism 
which would allow for such changes to occur is not clear. In addition, the 
sequence TGTA present in topaz+ (as from nucleotide position 2418) in a 
tandem array of 35 perfect repeats until the gap in the sequence is 
reached, is not present in topaz 1 and might partially account for the 
difference in the 1 ength of the fifth i ntron observed between the two 
alleles. It seems an attractive speculation that the equivalent region in 
topaz2, which was shown by Southern blot analysis of topaz2 DNA to be much 
longer (3.3 kb), is also composed of the "Garden of Eden" sequence, only at 
a higher copy number. This suggestion, which was already proposed in the 
discussion of pr-evious chapter, seems reinforced by the sequence data 
obtained for topaz 1. 
Unequal crossing over between regions containing repeats or 
slippage in replication (Dover and Tautz, 1986) can perhaps explain the 
expansion and contraction of simple sequences, however these mechanisms do 
not provide a satisfying answer to the different internal organization of 
the repeat units. However, if the concept for the formation of scramb 1 ed 
clustered repeats was to be extended to these simple sequences, such that 
smaller blocks of the 4 bp repeat exchange positions in the genome (perhaps 
through homologous recombination events), two criteria would be satisfied~ 
the length difference and the variation in the internal organization of the 
repeats. More topaz alleles will have to be examined before any conclusions 
can be reached. 
--
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6 .3.3 What are the molecular explanations for the topaz mutations? 
The work described in Chapters 5 and 6 has been concerned with 
comparisons at the level of genomic DNA, between the topaz+ and the mutant 
alleles topaz 1 and topaz2. Before any of the changes found will be 
discussed in the context of potentially causing the mutant phenotypes, the 
result of a preliminary Northern blot, (done with the assistance of F.V. 
* Morris , ) shou 1 d be described. The presence of the topaz transcript was 
detected in a number of different deve 1 opmenta 1 stages in topaz+ ( 1 arvae, 
early pupae and late pupae), and in larvae from the two mutant strains. The 
transcript level appeared roughly constant at the three stages examined in 
wi 1 d type and showed no difference in size or abundance in 1 arvae of the 
three strains. This result indicates that the defects in the mutants do not 
affect the regulation of the gene (at least during the larval stage) and 
wouid be consistent with small changes in the DNA and consequently amino 
acid sequence, rather than a major rearrangement, causing the mutation. 
More than one difference has been found to exist between the 
mutants and the wild type and none can be eliminated categorically as the 
source of the mutant phenotype. In i ntron regi ans, base subs ti tuti ons, 
insertions and deletions were found. As the level and size of the 
transcript appears not to be a 1 tered in the mutants, changes that might 
result in the creation (or loss) of splice sites and affect RNA processing, 
or cause premature termination of transcription, can probably be ruled out. 
In the exons, two changes have been observed in topaz 1; a deletion which 
* Nature of the assistance: I isolated the polyA+ RNA and subcloned 
ptoHEl .8 into the pGEM2 vector; F.V. Morris prepared the Northern blots, 
the riboprobes and carried out the hybridization. 
I 
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:! removes six amino acids and an amino acid substitution. The deletion seems 
.... 
to be the most likely cause of the topaz 1 mutation. Its exact effect on 
protein structure cannot be determined without further information about 
the wild type protein, however it seems likely that such a deletion could 
have important consequences on the structure and hence function of the 
topaz protein, particularly as it affects a region quite highly conserved 
between topaz and scarlet (Chapter 4). The other change involves a 
conservative amino acid substitution from isoleucine to valine. Such a 
change is less likely to affect the protein, particularly in light of the 
fact that the amino acid in the same position in scad et is met hi oni ne; 
hence it appears that the amino acid at this position is not strictly 
conserved. 
In the case of topaz2, only one amino acid substitution has been 
observed, a chan1e from glutamine to histidine. This is not a conservative 
substitution since histidine is a basic amino acid and glutamine is 
hydrophilic. Its affect on the protein function is however difficult to 
predict; in the case of the human factor IX protein, a change from arginine 
(basic) to serine (hydrophilic) was sufficient to result in a mutant 
phenotype due to abnormal proteolytic processing (Diuguid et al., 1986). 
There are a number of difficulties involved in trying to identify 
the sources of the topaz mutations on the basis of the available data. The 
first is the lack of any information concerning exon l and its 5' 
regulatory region. Even the observation that the size and level of the 
topaz_ :ranscri pt appears unchanged in the mutants does not rule out the 
1 
presence of a transposable element in that region, as the wbitesp mutation 
in D.melaagoaster has an insertion 1.2 kb upstream from the transcribed 
region of the gene yet has no obvious affect on the level or size of the 
wbite transcript (Zachar and Bingham, 1982; Levis et _al., 1984) . The second 
- -I 
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difficulty is the high 1 eve 1 of polymorphism in the topaz region and the 
absence of information about the progenitor 1 i nes from which the mutants 
have arisen. The fact that some of the base substitutions observed are 
shared between topaz 1 and topaz2 indicate that they are probably not 
associated with the mutation itself but are part of natural sequence 
polymorphism. Finally, in the case of topaz2, the failure to clone exons 6 
and 7 and the limited sequence data available reduce possible 
interpretations. 
There are a number of experiments that can he 1 p overcome these 
diffi cul ti es. Further work on sequencing the genes, or a more extensive 
Northern analysis that would examine the level of expression at all 
developmental stages and in different tissues, or on the cloning and 
sequencing of cDNA clones from the three alleles, could all be beneficial, 
however might still give results which were not open to completely 
clear-cut interpretations. The most unequivocal way to address this 
question is through the use of a gene transformation system and site 
directed mutagenes is, where specific changes can be introduced into the 
wild type gene, and their affect on gene function assessed ia _vivo. The use 
of the topaz and scarlet genes in transformation experiments will be 
discussed in the final chapter. 
.---~ .. ___________________________________________ _ 
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CHAPTER 7 
GENERAL CONCLUSIONS AND WIDER IMPLICATIONS 
The study described in this thesis was undertaken with the 
prospect of initiating a detailed molecular analysis of DNA sequences from 
L.cuprina, so as to complement the genetic and biochemical data already 
available for this species, as we 11 as to pro vi de the background for the 
development of a gene transformation system for the blowfly. The topaz gene 
was seen as a promising choice for such a study; it provided an established 
bi ochemi cal and genetic background and its homologous gene from 
D.melanogaster (scarlet) had been cloned and was suitable as a probe with 
which to isolate the gene. 
The analysis of the topaz gene region has resulted in a number of 
significant advances in our understanding of gene and genome structure in 
L.cuprina in particular, and in dipteran insects in general, by providing 
important comparisons with D.melanogaster. It has revealed that the 
L.cuprina genome appears to be organized in a manner similar to most other 
genomes studied, i.e. has short repeats interspersed among the unique 
sequences o A high level of DNA polymorphism has been detected which is 
caused both by the insertion and deletion of repeated DNA sequences and by 
single base substitutions. 
Coding regions of the topaz gene have been tentatively assigned by 
virtue of their homology (at the predicted amino acid level) to the deduced 
scarlet amino acid sequer.ce. Interestingly, the two genes differ in their 
codon usage; differences have also been found in the sizes of their 
intrans, mainly due to the presence of repeated sequences within the topaz 
gene. The analysis of two topaz mutants has contributed to the molecular 
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characterization of repeated sequences and to our understanding of 
., polymorphism in L.cuprina, even though the actual molecular explanation of 
the mutant phenotypes remains uncertain. 
All the above observations have already been discussed i n detai l 
in the previous Chapters, and will not be dealt with further. The remainder 
of this Chapter will be devoted to a discussion of some of these results in 
the wider context of the structure/function of the topaz and scarlet 
proteins and of their relationship with the white protein, as well as to a 
description and discussion of experiments designed towards the development 
of a gene transformation system in L.cuprina. 
7.1 Analysis of the white genes 
The white gene from D.melanogaster has been cloned and studied 
-
extensively at the molecular level (see Introduction to Chapters 3 and 5) 
however its exact role in eye pigmentation has not yet been elucidated. As 
for topaz and scarlet, white is thought to be involved in the transport and 
storage of pigment and pigment precursors, with white being associated with 
both the pteridine and the ommochromme biosynthetic pathways, while topaz 
and scarlet are associated only with the latter . 
The white gene from L. cupri na has a 1 so been c 1 oned and sequence 
analysis initiated (H. Perkins, B. \,Jicksteed and A.J . Howells, 
unpublished). A partial structure of the L.cuprina white gene has been 
determined by sequence comparisons with the D. me 1 anogaster white gene, 
using a similar approach to that described for topaz and scarlet. This 
analysis has shown that whi 1 e there are regions of strong homo 1 ogy with 
exons from the D.melanogaster white gene (>80% at the predicted amino acid 
level), these are interspersed with stretches of coding region (equivalent 
I ,' 
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to 9 amino acids or more) that show no homology between the genes. One 
possible explanation for this observation is that these regions encode 
1, parts of the protein with functions associated with the pteridine pathway. 
I 
Since this pathway is different between L.cuprina (which produces the 
yellow pigment, sepiapterin) and O.melanogaster (which produces the red 
drosopteri ns), it might be anticipated that the white proteins wi 11 al so 
differ. 
The analysis of the structure of white is incomplete because exon 
1 has not been located. In D.melanogaster exon 1 is separated by a 2.5 kb 
i ntron from the rest of the white gene ( 0' Hare et a 1 . , 1984) and it is 
possible that intron 1 will also be relatively long in L.cuprina. Sequences 
homologous to exons 2-6 in the D.melanogaster white have been identified in 
the L.cuprina white clones; a most interesting finding is that there is an 
additional intro~ in the L.cuprina gene located within the sequences 
hom6 l ogous to exon 4 of the D. me 1 anogaster gene. These results show that 
the weaker hybridization observed between the two white genes in comparison 
to the relatively strong hybridization signal obtained between topaz and 
scarlet (see Chapter 3) does not simply reflect a higher rate of divergence 
generally between the white genes but shows that certain regions within 
these genes have diverged markedly while others are as strongly conserved 
as topaz and scarlet are . 
Other points of comparative interest to emerge from this analysis 
are that the intrans in the L.cuprina white gene are all short (<80 bp) and 
contain no repeated sequences. This is unlike the situation in topaz; 
however it should be noted that i ntron 1 of white has yet to be fully 
defined. Si mp 1 e repeated sequence DNA has been found in the white region 
but they lie down-stream from the final exon. Similarly, repeated sequence 
DNA has been found about 5 kb upstream from exon 2, in a region which might 
......... 
... ... 
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be part of i ntron l or upstream of exon l. The codon usage of L. cupri na 
white is similar to that of topaz, showing a strong preference for codons 
ending with A or T; this is different from D.melanogaster white which, like 
scarlet, has a bias towards codons ending with G or C (Tearle, 1986 and see 
Chapter 4). 
An analysis of L.cuprina spontaneous white mutants has also been 
carried out and the results are interesting in comparison with those 
presented for topaz1 and topaz2 (Chapter 6). In the case of the pure white 
null allele (white1) an inversion, involving about 7 kb of DNA has been 
found. One of the inversion break points is located within the gene (near 
the end of exon 5) while the other is located downstream from the f i na 1 
exon (7); thus the inversion effectively separates the last two exons from 
the rest of the gene. There seems to be 1 itt 1 e doubt that the inversion 
pro vi des the mo 1 ecu 1 ar explanation for the mutant phenotype ( C. Landsberg 
and A.J. Howells, unpublished). Preliminary analysis of a partially 
pigmented spontaneous white mutant (whitem) has been carried out by 
Southern-b 1 ott i ng. Although the results are comp 1 i cated by polymorphism 
(which also exists in the white region), no change in the restriction 
pattern relative to one of the major forms of the wild-type gene could be 
detected. 
These findings, together with the results obtained for the topaz 
mutants, indicate that transposable elements might not play the same role 
in the generation of spontaneous mutations in L.cuprina as they do in 
D.melanogaster. This does not imply that such elements do not exist in 
L.cuprina, however other approaches might be needed to detect them. For 
example, a combined genetic and molecular biological approach would be to 
examine unstable mutants. There are a number of unstable mutants available 
in L.cuprina (G. Foster, pers. comm.) and these are likely candidates to 
......... 
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contain transposable elements; however as yet there are no available probes 
for the isolation of these genes, so they still await molecular analysis. 
7.2 Functions of topaz, scarlet and white 
The DNA sequencing of the topaz and scarlet genes has provided 
putative amino acid sequences for the proteins and some indications about 
their possible structural features. Hydropathy analysis revealed that the 
two proteins have a short highly charged carboxy-;-termi nus foll owed by a 
hydrophobic region; these features are typical of a membrane-spanning 
domain, consistent with the proteins being membrane bound and supporting 
the idea of topaz and scarlet being involved in transport. The putative 
white protein sequence also has hydrophobic regions (including a 
membrane:-spanning structure at its C-terminus), which indicates that it too 
may be associated with membranes (O ' Hare et al., 1984). It is, perhaps, 
this membrane association that explains why the white, topaz and scarlet 
proteins have never been identified; membrane-bound proteins are usually 
difficult to study since they are relatively insoluble and often present in 
low amounts. 
In view of the similarity of their effects on the ommochrome 
pathway, Tearle (1986) searched for homology at the predicted amino acid 
level between the white and scarlet proteins. Extensive homology between 
the two proteins was found; if the amino acid sequences are aligned to 
maximize the level of homology, 49% of the amino acids are identical. These 
results led Tearle (1986) to propose that the white and scarlet genes are 
related and may have arisen by duplication of an ancestral gene, an event 
which must have taken place prior to the time of divergence of 
O.melanogaster and L.cuprina. It should be noted that the homology between 
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scarlet and white is not evenly distributed along the genes but is 
concentrated in certain regi ans. There seems to be a good carrel ati on 
between the highly conserved regions of the white genes from L.cuprina and 
D.melanogaster and the regions of homology between scarlet and white, 
indicating that these regions are probably associated with functions 
i nvo l vi ng the ommochromme pathway. As a coro 11 ary, the regi ans which are 
less conserved between the white proteins and which show limited homology 
with scarlet are probably associated with the pteridine pathway functions. 
It seems quite possible that the conserved regions of the white protein on 
the one hand and the topaz/ scarlet proteins on the other, might interact 
co-operatively to facilitate the transport of ommochrome pigments and 
pigments precursors. 
Membrane-associated proteins from a number of bacterial metabolite 
transport systems (for example, the maltose K, phosphate B and histidine P 
proteins) have be~n studied in great detail (Higgins et al., 1982; Higgins 
et al., 1986; Doolittle et al., 1986; Ames, 1986) and a feature shared 
among some of them is the presence of two conserved sites (named A and B) 
a 1 ong their amino acid sequences, that are thought to be i nvo 1 ved with 
ATP-binding. The ATP binding sites of these membrane-:-bound proteins are 
thought to be located in cytoplasmic domains which change configuration 
when they bind to ATP to provide the energy for transport. S. Mount (pers. 
comm.) observed homology between regions in the white protein from 
D.melanogaster and the putative ATP binding sites of the bacterial 
transport proteins. These regi ans are al so highly conserved in topaz and 
scarlet (Table 7 .1). 
Sequences homologous to site B in topaz and scarlet are located 
amidst the region most highly conserved between the two genes (41 amino 
acids of perfect homology - see Figure 4.6); it is also located in the 
--
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TABLE 7. 1: THE HOMOLOGY BETWEEN WHITE, TOPAZ AND SCARLET WITH THE PUTATIVE 
ATP BINDING SITES OF BACTERIAL TRANSPORT PROTEINS 
Consensus sequence for Site A 
(Ames, 1986) 
white (S. Mount, pers. comm.) 
topaz/scarlet (Chapter 4) 
exon 2, amino acids 3-7 
Consensus sequence for Site B 
(Ames, 1986) 
white (S. Mount, pers. comm . ) 
topaz/scarlet (Chapter 4) 
exon 4, amino acids 60-74 
* conservative substituion 
G K S T L 
* 
G K T T L 
* G K T T L 
1. P K V Lj_ L D E P T S A L D R L 
* * * 
D P P L L F C D E P T S G L D 
* * 
* '* 
N P V I L F C D E P T T G L D 
region most highly conserved between scarlet and white (Tearle, 1986). 
Hydropathy analysis (see Figure 4.7) shows that it is located in a strongly 
hydrophilic region. These observations would be consistent with a 
hypothesis suggesting that the white, topaz and scarlet proteins are 
membrane-bound and that their transport functions (uptake of pigment 
precursors by cells and, perhaps, deposition of pigment into granules) are 
driven by ATP binding. 
7.3 The use of the topaz and scarlet genes in P-element mediated gene 
transformation 
The development of P-element vectors for the stable introduction 
of cloned genes into the germ-line chromosomes of D.melanogaster (Spradling 
and Rubin, 1982; Rubin and Spradling, 1982) provided a breakthrough in the 
----
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study of various aspects of gene and genome structure, expression and 
regulation. P-element mediated transformation involves co-injecting into 
embryos two modified P-elements. One contains the P-element sequences 
recognized by the transposase (i.e., the termi na 1 repeat regions) but not 
the gene coding for the transposase itself; it is into this vector that the 
gene to be transformed is introduced. The second ( he 1 per P) carries the 
functional transposase gene but lacks the inverted repeats which are 
essential for transposition (Karess and Rubin, 1984). Hence the former 
construct acts as the vehicle for carrying genes into the chromosomes while 
the 1 atter pro vi des the transposase. The deve 1 opment of such a system in 
L.cuprina would enhance not only our general molecular knowledge about the 
genes and genome of this species but would also contribute to the genetic 
program aimed at blowfly control (Cockburn et al., 1984). 
Si nee P-e 1 ement vectors have been shown to transpose in species 
additional to D.mel anogaster (Brennan et al., 1984; Scavarda and Hartl, 
1984), it seemed logical to test initially whether such vectors might 
function in L.cuprina. The elucidation of features of the regulation of 
P-element transposition in D.melanogaster (Laski et al., 1986) has revealed 
that transposition is restricted to the germ-line by a mechanism which 
operates at the 1 eve 1 of mRNA sp 1 icing. Only in germ-1 i ne ce 11 s does the 
preferential splicing of one of the introns occur to give an mRNA which can 
be translated into functional transposase. P-element vectors have been 
constructed in which this intron has been removed by in vitro mutagenesis 
and with these somatic transposition can be obtained (Laski et al., 1986). 
Again, when considering the development of a cross-species transformation 
system, it seemed appropriate to eva 1 uate not only conventi ona 1 he 1 per P 
vectors as a source of transposase but also the modified vector in case the 
specific splicing mechanism has been lost during evolution. 
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A collaborative project aimed at the development of a gene 
transformation system in L .cuprina was initiated between members of our 
* laboratory (A.J. Howells, R. G. Tearle and myself ) and members · of the 
CSIRO, Division of Entomology (R.B. Saint, H. Mendi, G. Clark, G.G. Foster 
and M.J. Whitten). A series of preliminary experi ments have been car r i ed 
out so far using the topaz and scarlet genes. These involved the 
construction of the required transformation vectors; in the case of topaz, 
the 14 kb SalI insert from clone \ to8 into the SalI site of the Carnegie 4# 
P-element vector and for scarlet, the 9kb EcoRl fragment (~7 .5 to +1.5) 
into the EcoRl site of Carnegie 4. Both constructs were co-injected with 
either the standard P~e 1 ement helper vector ( pJI 25. 7wc ) or the modified 
P~element helper vector pn25.7wc t 2-3. (This vector was generously provided 
by G.M. Rubin). The scarlet P~element construct was co-injected with PTI25 . l 
into w8W\ st 1 embryos (the completely white eyes of the double mutant 
allows easy detection of even partial function of introduced st+ 
fragments) . In one experiment 80 eggs were injected and the 13 surviving 
adults (16%) were mass-mated. Brown~eyed Gl progeny were recovered and were 
shown ( by i a_ situ hybri di zati on to po lytene chromosomes and by Southern 
blot analysis of genomic DNA from the transformed flies ) to contain an 
additional copy of the scarlet gene at a new chromosomal location. The 
successful use of the scarlet gene in this transformation experiment 
confirms that scarlet can be used as a phenotypic marker. 
* My own contribution: constructing the transformation vectors and 
performing some of the injections of L.cuprina embryos. 
# The Carnegie 4 vector is derived from pUC and contains some P-e 1 ement 
sequences, including the inverted repeats required for transposition 
(Rubin and Spradling, 1983). 
i 
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Injections of topaz 1 embryos with the topaz P-element construct 
have been unsuccessful so far. Under injection conditions identical to 
those used for scarlet, the survival rate of the injected embryos was only 
3%. Over 50 survivors (co-injected with the modified helper P-element ) were 
obtained and individually mated with topaz 1 flies, however no restoration 
of brown pigment production could be detected among their progeny. The low 
survival rate and hence the small sample of flies tested prevent firm 
conclusions being reached from this experiment about either the use of the 
topaz gene or the P-element vectors. 
There are a number of potential problems that need to be 
considered before the experiment is repeated. The first concerns the topaz 
gene itself. The recent finding that the first exon might be located within 
the SalI/XhoI fragment -J.8 to -5.1 (Chapter 4), which is located at the 
extreme end of the Ato8 DNA used to make the construct, raises the 
possibility that even if the complete first exon is included within the 
clone, some of the required 5 1 regulatory sequences might not be, and a new 
vector might have to be constructed. Another potent i a 1 prob 1 em with the 
topaz gene is the presence of tandemly repeated DNA sequences in introns, 
which might inhibit transposition. It may be possible to engineer a topaz 
gene which 1 acks these repeats by in _ vitro mutagenesi s. One approach to 
testing the topaz constructs would be to use them to transform 
D.rne1aoogaster ~ embryos. The presence of an additional phenotypic marker 
(such as neomycin resistance) would be desirable in such experiments to 
confirm whether transformation had occurred in cases where no restoration 
of eye pigmentation was apparent. 
The third major potential problem in the development of a 
P-element mediated gene transformation system in L.cuprina concerns the use 
of P-element itself. It is possible that the transposase gene, which is 
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required for the integration of the P-element construct into the genome, is 
not functional in L.cuprioa because of a lack of proper recognition of 
regulatory sequences. Similarly, the presence of a repressor of the type 
present in D.melaoogaster P-strains also cannot be ruled out (although 
sequences homologous to the P-element have not been found in L.cuprioa, 
(A.J. Howells, unpublished). It is clear that a larger number of L.cupriaa 
embryos wi 11 have to be injected and a number of different constructs 
tested before the usefulness of the P-element in L.cupriaa can be fully 
assessed. 
The discussion on transformation so far has been focussed on the 
practical considerations of obtaining a workable system for L.cuprioa. It 
needs to be emphasised, however, that transformation experiments will have 
an important role to play in the investigation of gene structure and 
regulation in L.cupr.iaa, particularly in comparison with genes from 
D. melaoogaster. Especially interesting, from these respects, will be the 
experiments (mentioned above) involving the introduction of the topaz gene 
into D.melaoogaster. (Hopefully the converse experiment, i .e., the 
introduction of the scarlet gene into L.cuprioa, will also be possible in 
the near future). 
This type of experiment can be designed to examine the 
conservation of regulatory sequences between the two genes and also the 
significance of their different codon usages; the results could be most 
interesting in light of the different CG composition found to exist between 
topaz and scarlet. Information might also be gained on the nature of the 
observed biochemical differences between topaz and scarlet (see Chapter 1), 
where topaz was found to be mainly active in the malpighian tubules during 
adult development while scarlet was mainly active in the eyes. A detailed 
analysis of the signals involved in tissue specificity between the two 
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species might require the in vitro construction of hybrid genes consisting 
of parts of the regulatory region of one fused to the coding region of the 
other . 
As outlined at the start of this Chapter, the work described in 
this thesis has shed light on a number of important aspects of gene and 
genome structure in L. cupri na. In addition, as described above, it al so 
opens the way for further exciting work on the development of a 
transformation system for this species which should lead to further 
insights into developmental gene regulation in dipteran insects. 
--
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